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INTRODUCTION 


The  Naval  C  i  v  i  I  Engineering  Laboratory  (NOEb)  has  completed  a  tost 
and  f'va  1  nation  program  for  2'j-kVA  amorphous  metal-core  t  rans  for  mot  s  . 
Amorphous  metal -core  transformers  save  energy  by  reducing  transformer 
no-load  losses  by  60  to  70  percent.  No-load  losses  are  the  power  re¬ 
quired  to  energize  the  transformer  core  and  are  constant  regardless  of 
lHp  load  on  th"  transformer.  No-load  losses  cost  the  Navy  millions  of 
dollars  annually.  The  Navy  operates  approximately  7 *1,000  liquid-filled 
distribution  transformers  at.  ISO  locations.  If  all  of  the  Navy  trans¬ 
formers  were  replaced  by  amorphous  metal -core  transformers,  the  Navy 
would  save  millions  a  year.  The  program  objective  was  to  evaluate  the 
electrical  performance  and  operational  reliability  of  the  amorphous 
metal-core  transformers  compared  to  conventional  s i I  icon-steel  trans¬ 
formers.  The  test  and  evaluation  program  was  conducted  in  the  following 
two  phases. 

Phase  I 

In  Phase  1,  the  electrical  and  mechanical  performance  of  three 
General  Electric  25-kVA  amorphous  metal -core  transformers  was  compared 
with  the  electrical  performance  of  two  General  Electric  23-kVA  con¬ 
ventional  silicon-steel  transformers.  The  testing  for  this  phase  was 
conducted  by  West  i nghouse  Electric  Corporation  using  American  National 
Standards  Institute  (ANSI)  and  National  Electric  Manufacturers  Association 
(NEMA)  standards,  at  the  Weslinghonse  Distribution  Transformer  Division 
plant,  Athens,  Georgia. 

Phase  I  I 

In  Phase  11,  electrical  tests,  overland  transportation  tests,  and 
autopsies  were  conducted  by  Geiieral  Electric  on  five  25-kVA  amorphous 
metal -core  t rans forme , s .  An  NGEI,  devised  3- foot  drop  test  and  autopsy 
was  then  conducted  on  three  of  the  transformers.  The  laboratory  testing 
for  this  phase  was  conducted  using  ANSI  and  NEMA  standards,  at  the  General 
Electric  Distribution  Transformer  Division  plant.  Hickory,  North  Carolina. 


BACKGROUND 

Amorphous  metals  are  an  entirely  new  class  of  metal  I  ic  material 
whose  dominant  characteristic  is  a  lack  of  grain  structure.  In  the 
process  of  producing  amorphous  metals,  a  proprietary  molten  alloy  of 
iron,  boron,  and  silicon  is  cooled  rapidly  at  a  rate  of  about  1  mi  I i  ion 
°C  per  second  so  hat  crystals  cannot  form.  Instead,  the  const  ituent 
atoms  arrange  themselves  in  a  random  fashion,  rather  than  in  the  crystal 
latt  ices  found  in  typical  metals.  The  pract  ical  result  of  this  process 
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is  n  materia]  that.,  when  used  in  'he  corn  of  a  t  inns  forme  r ,  reduces  im- 
load  losses  to  about  10  porr.ont  of  those  in  a  I'.onvi'tit  iona]  s  i  I  i  <  on -s  t  on  1 
t  rans  fornio  r  . 

Tho  roliabil  i  L y  find  porformano'  of  amorphous  mot  a  i -corn  t  r  mis  f  ormors 
are  exported  to  ho  comparable  to  conventional  si  I  i  con -s  t  on  I  t  inns  formers 
liocanso  virtually  no  changes  have  boon  made  in  the  coil  and  insnlat  ion 
system.  Tho  only  difference  is  the  snbst  itution  of  the  mote  of ficiont 
amorphous  metal -core  material. 

PIIASF.  I  TKKTS 

Four  types  of  transformer  tests  were  conducted  in  Phase  1,  including 
the  typical  commercial,  design,  ANS1/IFFK  ('1 7  .  1  2  .  (10  -  1  080  tests,  and  several 
add  i  t  ional  tests  designed  by  N(CHI.  engineers.  The  identity,  object  ivo, 
and  pnss/fail  criteria  for  the  Phase  1  tests  are  described  in  the  follow¬ 
ing  paragraphs. 

(Commercial  Tests 

The  commercial  tests  were  performed :  (1)  to  determine  the  trans¬ 

former  s  electr  ical  performance  parameters  upon  initial  receipt,  before 
tost  ing,  (2)  to  demonstrate  cornpl  ianc.e  with  nameplate  data  or  contractual 
agreement. s ,  and  (3)  to  identify  any  significant  changes  in  transformer 
per  for d.'Iiicp  character  ist  ics  after  the  t  ransformers  were  subjected  to 
individual  stressful  tests.  For  the  amorphous  metal -core  and  silicon- 
steel  transformers  examined,  the  tests  consisted  of  the  following: 

Rat.  io  Test. 

•  Objective:  The  turns  rat  io  of  the  f  rails  former  is  the  rat  in  of 
turns  in  tin'  high-voltage  winding  to  turns  in  the  low-voltage 
winding.  The  object  ive  of  the  rat io  test  was  to  demonstrate 
that  the  ratio  of  turns  mi  the  high-voltage  and  low-voltage 
windings  was  correct.,  so  that  a  given  impressed  high  voltage 
would  produce  the  expected  low  voltage,  according  to  the  rat  io 
of  high-voltage  winding  turns  to  low-voltage  turns. 

•  Pass/Fail  (Criteria:  The  observed  rat  io  of  high  voltage  to  low 
voltage  had  to  be  within  0.3  percent  of  the  transformer  nameplaie 
rnn  r  k  i  ugs  . 

Polarity  Test. 

•  Objective:  The  object  ive  of  the  polarity  test  was  t o  demon¬ 
strate  that  the  leads  and  polarity  marks  on  the  transformer 
reflected  the  actual  arrangement  of  the  transformer  windings. 
These  data  are  particularly  important  when  t wo  or  more  trans¬ 
formers  are  operated  in  parallel. 

•  Pass/Kail  (Criteria:  The  polar  it  ins  of  the  winding  leads,  as 
determined  from  test  ing,  had  to  match  the  po 1  a r i t  i  es  shown  on 
t  Ire  uamep  late. 


Applied  Voltage  Tests. 

•  Objective:  The  objective,  of  the  applied  voltage  tests  was  to 
stress  the  major  components  of  insulation,  and  the  major  in¬ 
sulation  between  the  windings  and  ground.  Two  types  of  applied 
voltage  tests  were  made:  11  i  gh  -  to- how- 1  o-  1  ton  -  t  o-Oase  (111,10) 
applied  voltage  tests,  and  I,ow-Lo-H  i  gli-to-  1  ron-to-Oaso  f[,H10) 
applied  voltage  tests.  In  the  111,10  tests,  the  test  voltage  was 
applied  to  the  high-voltage  transformer  bnshi,.„s  (which  were 
tied  together),  and  the  low-voltage,  bushings,  which  were  tied 
together  and  grounded.  In  the  1,1110  tests,  at  i  low-voltage 
bushings  were  tied  together  and  connected  to  the  source  vol¬ 
tage,  and  the  high-voltage  bushings  wee  tied  together  arid 
grounded.  The.  111,10  tests  stressed  the  insulat  ion  of  the  high- 
voltage  windings.  Thel.lUO  tests  stressor!  the  low-voltage 

w i nd i ngs . 

•  Pass/ Fa i 1  Criteria:  There  had  to  be  no  evidence  of  arcing, 
smoke,  bubbles,  or  a  sudden  increase  in  lest  circuit  current  as 
a  result  of  the  applied  potential.  If  such  evidence  existed, 
then  troubleshooting  was  required  to  locate  the  source  of  the 
prob  1  oin. 

Induced  Potential  Test. 

•  Objective:  The  objective  of  the  induced  potential  lest  was  to 
stress  interwinding  insulation  structures,  as  well  as  portions 
of  the  major  insulation.  The  test  applied  greater  than  rated 
volts  per  turn  to  the  transformer,  so  that  it.  was  run  at  higher 
frequency  (400  Hz  in  this  case)  to  avoid  core  saturation. 

•  Pass/Fail  Criteria:  There  shall  be  no  evidence  of  arcing,  smoke, 
bubbles,  or  a  sudden  increase  in  test,  circuit  current  as  a  result, 
of  applied  potential.  If  such  evidence  exists,  then  troubleshooting 
is  required  to  locate  the  source  of  the  problem. 

No-load  loss/F.xc  i  L  i  ng  Current  Tost. 

•  Objectives:  The  object  i  vex  of  the  no-load  loss  and  exc.it  at  ion 

current  tests  were  to  determine:  ( 1)  the  power  loss  in  t he 

transformer  when  operating  at  rated  voltage  and  frequency,  but 
not  supplying  load;  and  (?)  the  excitat  ion  current  required  to 
maintain  the  magnetic  flux  excitat  ion  in  the  transformer  core. 
No-load  losses  include  core  loss,  dielectric  loss,  and  loss  in 
the  windings  due  to  exciting  current.  Hot h  no-load  losses  and 
excitation  currents  should  be  determined  using  sinusoidal  sources, 
or  by  correcting  for  the  applied  source  waveforms  as  described 

iu  Section  8  of  ANSf/IFKF.  057.12.90-1980. 

•  Pass/Fail  Criteria:  Not  applicable  because  measurements  are 
marie  and  recorded  per  Sect  ion  8  of  AN'Sl/lFF.F  05  7.  12.90-1980. 
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Dos  i  >;  Posts 


The  design  tests  were  performed  to  compare  the  amorphous  metal -tore 
t  rails  formers  and  the  s  i  I  iron-st  ee  ,  transformers  with  respect  to  adequacy 
of  the  design  of  l  lie  i  r  r.ompenen  t  parts,  ability  to  meet  assigned  rat  ings, 
and  performance  under  normal  opera!  ing  corid  i  t  ions.  The  tests  consisted 
of  l  lie  fo  1  1  ow  i  irg : 

Full-Wave,  and  Chopped-Wave  Impulse-Voltage  Tests. 

•  Objective:  The  object  iv<‘  of  the  impu  1  se -vo  1 1  age  tests  was  to 

determine  the  ability  of  the  transformer  to  withstand  lightning 
surges.  Voltage  waves  with  a  nominal  front  of  1  .  5  microseconds 
and  a  nominal  tail  t o  half  value  of  40  microseconds  were  applied 
to  each  terminal  of  an  nnenergized  transformer.  The  first 
applied  wave  was  a  reduced  full  wave  whose  crest  value  was  St) 
percent  of  the  transformer's  basic  insulation  level  (R1I,). 

This  was  followed  by  two  chopped  waves  of  1 1 S  percent  of  the 
Rib.  Chopping  was  accomplished  by  using  a  rod  gap  in  air. 
adjusted  to  arc  after  the  crest,  of  the  voltage  wave.  The 
chopped-wnve  applications  were  followed  by  a  full  wave  at  100 
percent  of  the  Rib.  The  chopped  wave  stressed  insulation  be¬ 
tween  turns  near  the.  line  end.  The  full  wave  stressed  insula¬ 
tion  between  the  middle  of  the  winding  and  ground.  Oscillo¬ 
grams  were  obtained  for  applied  voltage  versus  time,  and  for 
neutral  current  versus  time. 

•  Pass/Fail  Criteria:  Agreement  in  voltage  and  current  wave 
shape  between  tdio  initial  full-wave  reduced  voltage  application 
and  the  final  100  percent  full -wave  application  indicated  that 
the  transformer  had  passed  without  damage.  Any  unexplainable 
difference  in  wave  shape  indicated  a  failure  in  either  the 
windings,  the  major  or  minor  insulat  ion,  or  the  bushings. 

NOTF. 

In  order  to  provide  add  i  t  ional  assurance  that  the  amorphous  metal -core 
transformers  wot 1 1  <1  withstand  lightning  surges,  the  tests  were  performed 
on  an  energized  transformer,  and  add  i  t  ional  stress  tesfs  were  added  to 
the  tesi  sequence.  The  test  sequence  included  (in  the  following  order): 
reduced  full-wave  test,  chopped -wave  test,  400-Hz  induced  potential  test, 
front  -of-wave  impulse  test,  (voltage  wave  is  c.hopp  d  before  if  crests), 
400-10,  induced  potential  Lest,  fu  1  I -wave  lest,  400-10.  induced  potential 
lest  ,  and  IlldC  and  1.11  IC  applied  voltage  tests. 

Winding  Resistance  Test. 

•  Objective:  The  objective  of  the  winding  resistance  Lest  was  to 

obtain  winding  Resistance  data  that  will  bo  used  later:  (1)  to 

calculate  the  ]  R  component  of  conductor  losses,  (2)  to  calculate 
winding  temperatures  at  the  end  of  a  temperature  rise  Lost,  and 
13)  to  use  as  a  base  for  assessing  possible  damage  in  field 
operation.  The  winding  resistance  test  was  performed  using  the 
procedures  in  Section  S  of  ANS1/1KFK  CS 7 . 1 2 . 10- 1 980 . 


•  Pass/Fail  Criteria:  Not.  applicable.  Readings  were  taken , 
calculations  were  made  to  correct  for  the  dos  i  red  temperature 
at  which  the  resistance  values  were  to  be  used,  and  the  data 
were  applied  as  required. 

impedance  Vo  1  tage/ l.oad  I,oss  Tests. 

•  Objective:  The  objective  of  the  impedance  volt  age/ load  loss 
tests  was  t o  determine  the  voltage  required  to  circulate  the 
rated  current  under  short-circuit  conditions,  and  the  associated 
watt  loss  when  the  source  was  connected  to  the  rated  voltage 
taps.  The  impedance  voltage  consisted  of  an  effective  resis¬ 
tance  component  corresponding  to  the  load  losses  and  a  react  ive 
component  corresponding  to  the  leakage  flux  linkages  of  the 

w  i  nd  i  tigs  . 

•  Pass/Fail  Criteria:  Not  applicable.  Measurements  were  made 
per  Section  9 . 2 . 2  of  ANS1/IF.KF.  C5 ~ . 1 2 . 90- 1 980 ,  and  calculations 
of  the  impedance  voltage  and  load  loss  watts  were  made  per 
Section  9.4  of  ANSI/IKKF  (157.12.90-1980.  For  these  tests, 
comparisons  were  made  hetwe, n  the  performance  of  the  amorphous 
metal-core  transformers  and  the  s i 1 i con -s t ee 1  t runs  formers . 

Temperature  Rise  Test 

•  Objective:  The  objective  of  the  temperature  rise  test  was  to 

determine  the  maximum  temperature  rise  (above  the  ambient, 
temperature)  of  the  windings  and  the  insulating  fluid  in  the 
transformer  when  the  transformer  was  operated  at  maximum  kVA 
rating.  The  temperature  rise  test  was  conducted  in  accordance 
with  the  procedures  in  Section  11  of  AN’S  1  /  I  F.F.F.  0  5  7.12.90-1980. 

•  Pass/Fail  Criteria:  The  average  winding  and  fluid  temperature 
rise  above  ambient  temperature  could  not  exceed  65  °C  or  the 
temperature  rise  specified  on  the  transformer  nameplate  (which¬ 
ever  is  smaller).  The  winding  hottest  spot  temperature  could 
riot  exceed  80  °C 

Audible  Sound  hovel  Test. 

•  Objective:  The  object  ive  of  the  audible  sound  level  test  was 
to  determine  the  audible  sound  emitted  from  the  transformer 
when  operated  at  rated  voltage  and  frequency,  and  no  load. 

Sound  level  measurements  were  significant  because  excessive 
sounds  from  transformers  can  be  an  annoyance  in  resident  in'  or 
other  populated  areas.  Also,  excessive  sound  levels  may  in¬ 
dicate  apparent  problems  in  the  transformer  core,  snr.it  as  loose 
or  fractured  core  lamina l ions.  A  sound  level  meter  with  an 
A-weight  ing  frequency  network  was  used  for  the  measurements, 
since  this  type  of  weight  ing  best  represents  the  ability  of  a 
remote  listener,  with  normal  hearing,  to  hear  the  complex 
sounds  generated  by  the  transformer  The  tests  were  conducted 
in  accordance  with  the  procedures  in  So  t  ion  15  of  ANS 1  /  I  F.F.F, 

05 / . 12. 90- 1 980. 


•  Pass/ rail  Friteria:  ill*'  measured  value  o  f  tin'  A -wo  i  gh  t  ed  (A) 
sound  I  *'v*‘  I  liad  to  bo  no  greater  t  ban  A  8  <1H  (A). 

Radio  Inf  I  none..  Voltage  (RIV)  Tost.. 

•  Ob  j  no  t  i  vo  :  Its*'  object  :  vo  of  t  ho  RIV  tost,  was  t  o  determine  tin* 

amount  of  RIV  produced  by  t  ho  corona  (  local  ovor  stress)  in  traits 
former  i  ii-.ii  )  .if  ion.  RIV,  as  the  name  imp!  ios,  may  cause  in  or- 
foreneo  to  rad'o  roinmunir.it  ions.  Kxeessive  corona  also  mat  be 
an  indicat  ion  of  insulat  ion  breakdown.  The  tests  were  performed 
with  the  methods  proscribed  in  N K M A  I’ublirat  ion  TR  I.  Tests 
wore  run  at  percent  and  I  10  percent  of  rated  voltage. 

+  Pass/Fail  Criteria:  NI'.MA  Publication  TR  1  lists  limit  ing  RIV 
values  at  about  110  percent  of  the  operating  voltage. 

Short-Circuit  Test. 

•  Objective:  The  objective  of  the  short-circuit  .est  was  to 
demons  t  ,  a  t  e  tin'  ability  of  (In'  transformer  to  withstand  the 
stresses  resulting  from  a  short  circuit  applied  to  the 
transformer’s  primary  or  secondary  terminals.  The  tests  were 
conducted  by  either  closing  a  breaker  at  the  faulted  terminal 
to  apply  a  short  circuit  to  a  previously  energized  transformer, 
or  by  <  losing  a  breaker  at  the  source  terminal  to  apply  energy 
*o  a  previously  short-circuited  transformer. 

•  I’ass/Fail  Criteria:  The  impedance  change  shall  he  less  titan 
11.1  percent,  and  the  excitation  current  change  shall  he  less 
than  2ri  percent  ,  when  a  short-circuit  current  of  AO  times  the 
rated  current  is  applied  in  accordance  with  the  procedures  of 
Section  12  of  ANS  I  /  1  F.F.F,  CO  /  .  I  2 . 00- ] ‘)R0  .  There  shall  be  no 
discernible  dan  tge  to  the  t  rails  former ,  based  on  a  post -test 
ant opsy . 

Add  i  t  ional  NCF.I,  Tests 

Safe  Transit  Tests. 

•  Object  ivu  :  The  object  ive  of  t  lit'  safe  transit  tests  was  to 

demons  I  i  a  t  e  that,  the  transformer  could  withstand  the  shocks  and 
vibrations  encountered  on  a  cross-country  shipment,  with  no 

s  i  gn  i  i  it  ant  mechanical  damage,  anti  no  significant  change  in 
electrical  per  formant. e  t.iiai  at  t  er  f  si  ics  .  The  tests  consisted 
of:  (  1  )  a  4-hour  tost  on  the  safe  t  rails  i  t  machine  at.  160  rpm 

t o  simulate  two  cross-country  shipments  bv  truck;  and  (2)  a 
4-  oot  drop  o(  the  tram  former  onto  a  hard  surface  (to  simulate 
inadvertent  mishandling  during  transit  )  Upon  completion  of 
the  shake  and  drop  tests,  the  transformer  was  subjected  to  the 
commercial  tests  to  detect  any  changes  in  electrical  performance 
and  to  an  autopsy,  in  which  the  transformer  core  was  removed 
front  t  lie  I  .ink  and  inspected  for  damage. 
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•  Pass/Fail  Criteria:  The  commercial  I  nsi  s  had  to  bo  passed 
satisfactorily,  after  completion  of  the  safe  transit  tests, 
with  no  more  than  a  10  percent  increase  in  measured  no-load 
watts.  There  had  to  he  no  evidence  of  damage  tnai  would  impair 
proper  long-term,  reliable  operation  of  the  transformer. 

Infrared  Scanning  TesL  (Transformer  F.nergi  zed)  . 

•  Objective:  The  objective  of  the  infrared  scanning  tests  was  to 
obtain  (by  means  of  an  in f rared-sens  i  t  ive  detector)  a  visual 
indication  of  the  amount  of  energy  required  to  magnetize  the 
transformer  core.  In  these  tests,  the  inf  rarer!  scans  of  the 
energized  amorphous  metal-core  and  s i I i con -s t ee  1  transformers 
were  compared. 

•  Pass/ Fa i 1  Criteria:  No  quantified  criteria.  The  intensity  of 
the  infrared  radiation  from  an  amorphous  metal -core  transformer 
had  to  be  less  than  the  infrared  radiation  from  a  s  i  1  icon -s tee  1 
transformer  of  the  same  rating  when  the  transformers  w erf'  operated 
under  the  same  conditions. 

Cold-lioad  Pickup  Test. 

•  Objective:  The  object  ive  of  the  cold-load  pickup  Lest  was  to 
determine  whether  heavy  loading  of  a  cold  transformer  had  any 
injurious  effects,  such  as  thermal  instability,  on  the  trans¬ 
former.  The  principal  concern  was  that  the  transformer  fluid 
could  become  so  viscous  at  low  temperatures  that  it  could  not 
circulate  and  transfer  heat  generated  in  the  core  and  windings. 
This  could  create  hot  spots  that  could  cause  breakdown  of  the 
insulat  ion  and  possible*  short  circuits.  For  this  test,  the 
following  conditions  were*  assumed  and  simulated: 

A  power  outage  nceiired  in  a  cold  t-S'i  °f!  )  environment. 

A  replacement  transformer  was  obtained  from  a  cold  (-'IS  °0 ) 
environment  and  placed  in  service. 

I  poii  restnral  ion  of  service,  a  2.00  percent  rated  load  was 
placed  on  the  transformer  for  the  first  2  hours.  This  was 
fo  I  lowed  by  a  10(1  percent  rated  load  for  the  next  6  hours. 

Instrumental  ion  was  installed  and  measurements  were  made  as  prescribed 

in  Section  <).?..?  of  ANSI  /  I  F.F.F.  Pa  7  .  1  2. .  00  -  1  <>80  . 

•  Pass/Fail  Criteria:  There  bar)  to  be  no  significant  change  in 

winding  current  during  ope* rat  ion  at  100  percent,  rated  load  or 
200 -percent  rated  load.  Any  such  change  was  evidence  of  a  po¬ 
tential  failure  that  had  to  he*  invest  igated  bv  an  autopsy. 

Saturation,  Regulation,  and  Kfficio.ncy  Tests 

•  Object  ive:  The  objec  t  ive  of  these  tests  was  to  compare  the 

excitation  current,  no-load  loss,  load  loss,  regulation,  and 
efficiency  of  the  amorphous  metal -cote  and  s  i  1  i < on -s t eo 1  trans¬ 
formers  under  loading  condit  ions  of  SO  percent  ,  100  percent. 


and  150  pon  on t  of  rated  load.  To  conduct  the  t°sts,  the  trans¬ 
formers  were  instrumented  as  proscribed  in  Section  8  of  ANSI/ IF, FT. 
C5  7  .  1  2 . 90  1  980  ,  and  wore  operated  at.  the  selected  fraction  of 
rated  load  until  the  top  oil  temperature  stabilized.  immediately 
following  tempera* .  stabilization,  voltage,  current,  and  power 
readings  were  taken  to  obtain  the  data  to  develop  saturation 
curves  and  to  calculate  transformer  regulation  and  efficiency 
at  each  loading  condition  for  each  transformer  type.  Regulation 
and  efficiency  were  calculated  using  the  procedures  in  Section 
14  of  ANS1/IEF.F.  (157.12.90-1980.  After  completion  of  the  satura- 
t  ion,  regulat  ion,  and  efficiency  tests,  the  transformers  were 
subjected  to  the  commercial  tests  to  determine  whether  any  of 
the  operating  characteristics  of  the  transformers  changed  as  a 
result  of  the  tests. 

Pass/Fail  Criteria:  The  transformers  had  to  pass  the  commercial 
tests  after  completion  of  the  saturation,  regulation,  and  effi¬ 
ciency  tests.  The  core  losses,  exciting  currents,  and  percent 
regulation  of  the  amorphous  metal-core  transformer  had  to  be 
less  than  those  for  the  s i 1 i con -s tee  1  transformers.  Also,  the 
percent,  efficiency  of  the  amorphous  metal-core  transformer  had 
to  be  greater  than  that,  of  the  s  i  1  icon-st.ee  1  transformer.  At 
rated  input  voltage,  the  no-load  losses  and  load  losses  had  to 
match  the  nameplate  values.  There  had  to  be  no  change  in  the 
operating  characteristics  of  the  transformers  as  a  result  of 
the  testing. 


PHASE  IT  TESTS 

An  autopsy  conducted  on  two  amorphous  metal -core  transformers  during 
Phase  1  testing  revealed  that  some  amorphous  metal  pari  icies  had  broken 
loose  from  the  amorphous  metal  core.  Those  part  icles  were  found  at  the 
bottom  of  rhe  tank,  on  the  inside  n  f  the  bottom  frame,  and  on  the  coils. 

It  was  believed  that  the  presence  of  these'  particles  in  the  oil  would 
reduce  the  coil-to-coil  insulation  margin. 

After  all  Phase  I  tests  were  completed,  the  transformers  were  re¬ 
turned  to  1 1 1 e  General  Electric  Company  Distribution  Transformer  plant. 
Hickory,  North  Carolina.  At  the  suggest  ion  of  NCF.l,  engineers,  General 
Fleet rin  made  a  product  ion-1 ine  change  to  correct  the  problem.  A  special 
devic.i-  w,is  made  that  rotated  the  amorphous  metal-core  and  allowed  (he 
core  to  bo  sprayed  with  a  special  adhesive,  which  completely  encapsulated 
the  core . 

The  Phase  1  I  tests  were  conducted  on  five  amorphous  metal -core  trans¬ 
formers.  Four  of  the  transformers  had  fully  encapsulated  cores.  The 
remaining  transformer  was  unmodified. 

Several  types  of  transformer  tests  were  conducted  in  Phase  II,  in- 
<  Inning  (  in  the  following  order)  a  cross-country  shipping  test,  commercial 
transformer  t  'sis,  an  impedance  voltage/load  loss  design  test  (prescribed 
in  ANS  I  /  1  F.F.F.  (157  .  1  2  .  ‘>0- 1080  )  ,  an  uutanking  and  inspection  of  each  trans¬ 
former-,  a  3- foot  drop  test  on  three  of  the  transformers,  and  a  subsequent 
unlinking  and  inspect  ion  of  the  three  transformers.  The  identity;  objec- 
t  i ye ,  and  pass/fail  criteria  for  the  Phase  II  tests  are  described  in  the 
To  I  lowing  paragraphs. 
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Cross-Country  Shipping  Test 


•  Objective:  The  objective  of  the  cross-country  shipping  test 
was  to  demonstrate  that  the  fully  encapsulated  amorphous  metal  - 
core  transformers  could  withstand  the  shocks  and  vibrations 
encountered  in  cross-country  shipment  by  commercial  truck  with 
no  mechanical  damage  or  change  in  electrical  performance.  For 
this  test,  five  amorphous  metal -core  transformers  were  shipped 

by  commercial  truck  from  Hickory,  North  Carolina,  to  Port  Hueneme, 
California,  and  back  to  North  Carolina  by  commercial  truck. 
Standard  commercial  packing  and  handling  procedures  were  used. 

•  Pass/Fail  Criteria:  There  had  to  be  no  visible  damage  from 
shipment.  After  shipment,  the  transformers  had  to  pass  Lhe 
ANSI/IF, F,F,  Commercial  tests,  the  ANS1/IFF.F,  impedance  voltage/load 
loss  test,  and  the  untanking  and  inspection  test. 

ANST/TF.F.E  Comnerci al  Tests  and  impedance  Vol tage/Tioad  l<oss  Tests 

•  Objectives;  The  objectives  for  these  tests  are  described  in 
the  corresponding  Phase  1  test  descriptions. 

•  Pass/Fail  Criteria:  The  pass/fail  criteria  are  described  in 
the  corresponding  Phase  1  test  descriptions. 

•  Commercial  tests  consist  of  the  following: 

-  Induced  potential  test  per  ANSI  C57. 12.90  -  1980  Sec  10.4. 

-  No-load  loss/exciting  current  per  ANSI  CS7. 12.90  -  1980  Sec  8. 

-  Applied  voltage  tests  per  ANSI  C57. 12.90  -  1980  Sec  10.3. 

-  Impulse  per  ANSI  C57. 12.90  -  1980  Sec  10.3. 

•  ANSI/IF.F.F.  impedance  voltage/load  loss  test  per  ANSI  C37.  12.90  - 
1980  Sec  9. 

Initial  Untanking  and  Inspection  Test 

•  The  objective  of  the  initial  untanking  and  inspection 
test  was  to  determine  the  extent  of  mechanical  damage,  if  any, 

to  the  transformer  core  or  internal  structure  as  a  result  of 
the  cross-country  shipping  test.. 

•  Pass/Fail  Criteria:  The  criteria  for  passing  Lhe  test  was  that 
there  had  to  he  no  evidence  of  flaking  of  Lhe  amorphous  metal 
within  the  transformer.  In  addition,  there  had  to  be  no  evidence 
of  mechanical  damage  to  the  transformer  internal  structure  that 
would  impair  the  long-term,  reliable  operation  of  the  transformer 
as  a  result  of  cross-country  shipment  and  return  (approximately 

5 , 000  miles). 


Drop  Test 


•  Objective:  The  objective  of  the  drop  test  was  lo  simulate  the 
shock  that  the  transformer  would  receive  if  it  were  mishandled 
and  inadvertently  dropped  from  a  height  of  3  feet  (from  the 
bottom  of  the  transformer  tank)  to  a  hard  surface. 

•  Pass/Fail  Criteria:  The  criteria  for  passing  the  test  was  that 
the  transformer  had  to  pass  the  subsequent  untanking  and  inspec¬ 
tion  test,  and  the  post-drop  commercial  tests. 

Post-Drop  Untanking  and  Inspection  Test 

•  Object iye :  The  objective  of  the  post-drop  nntanking  and  in¬ 
spection  test  was  to  determine  the  extent  of  mechanical  damage, 
if  any,  to  the  transformer  core  or  internal  structure  as  a 
result  of  the  drop  test. 

•  Pass/Fail  Criteria:  The  criteria  for  passing  the  test  was  that 
there  had  to  be  no  evidence  of  flaking  of  the  amorphous  metal 
within  the  transformer.  Tn  addition,  there  had  to  be  no  evidence 
of  mechanical  damage  to  the  transformer's  internal  structures 
that  could  impair  the  long-term,  reliable  operation  of  the  trans¬ 
former  as  a  result,  of  the  3-foot  drop  test. 

TEST  SEQUENCING 

Proper  test  sequencing  was  an  important  aspect  of  the  test  program. 

In  order  to  minimize  potential  damage  to  the  transformers  during  testing, 
the  resistance,  polarity,  phase  reLation,  ratio,  no-lcad  loss  and  excita¬ 
tion  current,  impedance,  load  loss,  and  temperature  rist  tests  were  con¬ 
ducted  before  the  dielectric  tests  (which  test  the  transformer  insulation 
levels)  were  performed.  Also,  in  this  transformer  test  program,  the  com¬ 
mercial  tests  were  performed  upon  initial  receipt  of  the  transformers  at 
the  test  facilities  and  after  each  group  of  tests  in  which  stressful  con¬ 
ditions  were  imposed. 

Phase  I  Test  Sequence 

Tn  Phase  1,  three  23-kVA  amorphous  metal -core  transformers  and  two 
23-kVA  s i 1 i con -s Lee  1  transformers  were  tested.  The  test  sequence  for 
each  transformer  is  listed  in  Table  1. 

Phase  II  Test  Sequence 

In  Phase  TF,  four  23-kVA  amorphous  metal-core  transformers  with  fully 
encapsulated  cores  and  one  25-kVA  amorphous  metal-core  transformer  without 
an  encapsu 1 ated  core  were  tested.  The  test  sequence  for  the  transformers 
is  1  i s ted  i n  Tab  1 e  2 . 
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RESULTS  AND  CONCLUSIONS 


Phase  [ 

The  identity,  objectives,  and  pos^/faj 1  criteria  for  the  Phase  I 
tests  are  described  in  the  Phase  I  Lest  descriptions.  The  sequence  of 
testing  for  each  transformer  tested  in  Phase  I  is  described  in  the  sec¬ 
tion  on  test  sequencing.  Tile  results  and  conclusions  from  the  Phase  I 
tests  are  provided  in  the.  following  paragraphs. 

Commercial  Tests.  These  tests  were  performed:  (1)  to  determine  the 
electrical  performance  parameters  of  the  transformers  upon  initial  receipt 
before  testing;  (2)  to  demonstrate,  compliance  with  nameplate  data  or  con¬ 
tractual  agreements;  and  (3)  to  identify  any  significant  changes  in  trans¬ 
former  performance  characteristics  after  the  transformers  were  subjected 
to  individual  stressful  tests. 

•  Commercial  Test  Results:  The  results  of  the  commercial  tests 
are  tabulated  in  Appendix  A.  All  of  the  transformers  passed 
the  commercial  tests  because  they  met  the  test  criteria  speci¬ 
fied  for  the  applicable  tests.  For  Lhc  amorphous  metal-core 
transformers,  the  largest  average  change  in  no-load  loss,  load 
loss,  efficiency,  and  regulation  between  the  initial  tests  and 
the  tests  that  imposed  stressful  conditions  was  2.4  percent. 

The  maximum  change  in  any  of  these  parameters  was  a  7.0  percent 
increase  in  no-load  loss  for  amorphous  metal -core  transformer 
serial  number  P217060-Y7.A  after  the  170  percent  temperature 
rise  test. 

•  Commercial  Test  Conclusions:  The  conclusions  from  the.  results 
of  the  commercial  tests  were  that  the  transformers  demonstrated 
compliance  with  the  nameplate  data  upon  initial  receipt.,  and 
there  were  no  significant  changes  in  transformer  electrical 
characteristics  after  being  subjected  to  tests  that  caused 
significant  stresses. 

Temperature  Rise  Tests.  These  tests  were  performed  to  determine  the 
maximum  temperature  rise  (above  the  ambient,  temperature)  of  the  windings 
and  the  insulating  fluid  in  the  transformer  when  the  transformer  was 
operated  at.  loads  equal  to,  and  greater  than,  the  nameplate  kVA  rat  ing. 

The  amorphous  metal -core  I  cans formers  were  operated  at  100  percent  and  at 
170  percent  of  nameplate  load.  The  silicon-steel  transformers  were 
operated  at  100  percent  and  150  percent  of  nameplate  load. 

•  Temperature  Rise  Test  Results:  The  detailed  results  of  the 
temperature  rise  tests  are  shown  in  Appendix  B.  The  summarized 
results  are  listed  in  Table  3  and  illustrated  in  Figure  1. 


#  Temperature  Rise  Test  Conclusions:  The  conclusions  to  he  drawn 
from  the  results  of  the  temperature  rise  tests  are  as  follows: 

-  At  100  percent  of  rated  load,  both  the  amorphous  metal -core 
and  the  silicon-steel  transformers  passed  the  temperature, 
rise  test.  Both  of  the  transformer  types  had  temperature 
rises  of  less  than  the.  ANSI/NEMA  requirement  of  65  °C 
temperature  rise  above  ambient. 

-  At  100  percent  of  rated  load,  the  temperature  rise  in  the 
amorphous  metal -core  transformer  oil,  low-voltage  windings, 
and  high-voltage  windings  was  significantly  less  than  the 
corresponding  temperature  rises  in  the  silicon-steel 
trans  formers . 

-  The  temperature  rises  in  the  amorphous  metal -core 
transformers  at  170  percent  of  rated  load  were  roughly 
comparable  to  the  temperature,  rises  in  the  silicon-steel 
transformers  at  150  percent  of  rated  load. 

The  significance  of  the  lower  temperature,  rises  in  the  amorphous 
metal-core  transformers  is  that,  other  factors  being  equal,  amor¬ 
phous  metal-core  transformers  should  have  longer  reliable  operating 
lives  compared  to  silicon-steel  transformers. 

Audible  Sound  Level  Test.  The  audible  sound  level  test  was  con¬ 
ducted  to  determine  the  audible  sound  emitted  from  the  transformer  when 
operated  at  rated  voltage,  and  frequency  and  no-load.  Sound  level  measure¬ 
ments  are  significant  because  excessive  sounds  from  transformers  can  be 
an  annoyance  in  residential  or  other  populated  areas.  Also,  excessive 
sound  levels  may  indicate  apparent  problems  in  the  transformer  core,  such 
as  loose  or  fractured  core  laminations. 

•  Audible  Sound  LevelTesJt  Resul_ts:  The  audible  sound  level  tests 
were  conducted  on  amorphous  metal -core  transformer  serial  number 
P217059-YZA  at  100  percent  and  110  percent  of  rated  voltage, 
after  the  transformer  had  been  subjected  to  short-circuit  test¬ 
ing.  This  worst-case  condition  was  chosen  to  give  an  indication 
of  any  possible  loosening  or  fracturing  of  core  laminations  as 

a  result  of  the  short-circuit  test.  The  detailed  test  data  are 
shown  in  Appendix  B.  The  summarized  audible  sound  level  test 
data  are  listed  below,  and  illustrated  in  Figure  2: 

Sound  Level  at  100% 

of  Rated  Voltage .  32.4  d B ( A ) 

Sound  Level  at  110% 

of  Rated  Voltage .  37.3  d B ( A ) 

The  ANSI/NF.MA  sound  level  limit  at  100  percent  of  rated  voltage  is  4B 
dBfA).  There  is  no  ANSf/NF.MA  sound  level  limit  at  110  per  cent  of  rated 
vo  1  t.age . 
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•  Audible  Sound  Level  Test  Conclusions:  The  conclusions  from  the 
test  results  were  that  the  tested  amorphous  metal-core  trans¬ 
former  operated  at  a  sound  level  that  was  substantially  lower 
than  the  ANSI/NEMA  limit.  The  low  sound  level  indicated  that 
no  core  damage  was  incurred  as  a  result  of  the  previously  con¬ 
ducted  short-circuit  test. 

Radio  Influence  Voltage  Test.  The  objective  of  the  R1V  test  was  to 
determine  the  amount  of  RIV  produced  by  the  corona  (local  overstress)  in 
transformer  insulation.  RIV,  as  the  name  implies,  may  cause  interference 
to  radio  communications.  Excessive  corona  also  may  be  an  indication  of 
insulation  breakdown. 

•  RIV  Test  Results:  The  test  produced  no  radio  influence  voltage 
at  100  percent  and  110  percent  of  rated  voltage. 

•  RIV  Test  Conclusion:  The  conclusion  from  the  test  results  was 
that  operation  of  the  tested  amorphous  metal -core  transformer 
at  100  percent  of  rated  voltage  or  110  percent  of  rated  voltage 
would  not  interfere  with  radio  transmission  or  reception. 

Short-Circuit  Test.  The  short-circuit  test  was  conducted  to 
demonstrate  the  ability  of  the  transformer  to  withstand  the  stresses 
resulting  from  a  short  circuit  applied  on  the  transformer's  primary  or 
secondary  terminals.  The  test  may  be  conducted  by  closing  a  breaker  at 
the  faulted  terminal,  which  would  apply  short  circuit  to  a  previously 
energized  transformer,  or  by  closing  a  breaker  at  the  source  terminal, 
which  would  apply  energy  to  a  previously  short-circuited  transformer. 

•  Short-Circuit  Test  Results:  The  detailed  test  results  are 
shown  in  Appendix  B.  The  summarized  short-circuit  test  results 
are  listed  below  and  illustrated  in  Figure  3  for  amorphous 
metal -core  transformer  serial  number  P217050-YZA  when  subjected 
to  a  short-circuit  current  of  40  times  the  rated  current. 

Impedance  Exciting  Current 
Change  _  Change _ 

As  observed  in  before/after 

commercial  tests  5.3%  1.0% 

As  allowed  per  ANSI/TEEF. 

C5 7.  12.90-1980  11.1%  25.0% 

Measurements  were  also  made  of  the  first  and  sixth  peak  of  the  magnetizing 
in-rush  current.  These  values  were  28. 8  and  12.8  times  the  normal  mag¬ 
netizing  current.  The  transformer  passed  the  commercial  tests  both  before 
and  after  the  short-circuit  test.  No  damage  attributable  to  the  short- 
circuit  t.os*-  was  found  in  a  post-test  autopsy. 
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•  Short-Circuit  Test  Conclusion:  The  conclusion  from  the  short- 
circuit  test  results  was  that  the  amorphous  metal -core  trans¬ 
former  can  be  expected  to  withstand  short-circuit  current  of  at 
least  40  times  the  rated  current,  without  damage  or  significant 
change  in  electrical  performance  parameters. 

Full-Wave  and  Chopped-Wave  Impulse  Voltage  Tests.  These  tests  were, 
conducted  to  determine  the  ability  of  the  transformer  to  withstand  light¬ 
ning  surges.  The  test  descriptions  and  pass/fail  criteria  are  contained 
in  the  Phase  I  test  descriptions.  The  chopped  wave  stressed  insulation 
between  turns  near  the  line  end.  The  full  wave  stressed  insulation  be¬ 
tween  the  middle  of  the  winding  and  ground.  Oscillograms  were  obtained 
for  applied  voltage  versus  time  and  for  neutral  current  versus  time. 

•  Full-Wave  and  Chqpped^Waye  lmpulse  Voltage  Test  Flesults :  The 
detailed  test  results  are  contained  in  Appendix  B.  The  test 
sequence  included  the  following  tests:  reduced  full-wave  test, 
chopped-wave  test,  400-Hz  induced  potential  test,  front  of  wave 
impulse  test  (voltage  wave  is  chopped  before  it  crests),  400-Hz 
induced  potential  test,  full-wave  test,  400-Hz  induced  potential 
Lest,  and  HLIC  and  LHIC  applied  voltage  tests.  Tn  order  to 
provide  additional  assurance  that  the  amorphous  metal-core  trans¬ 
formers  could  withstand  lightning  surges,  the  tests  were  per¬ 
formed  on  an  energized  transformer,  and  additional  stress  tests 
were  added  to  the  test  sequence. 

As  stated  in  the  Phase  I  test  descriptions,  agreement  in  voltage  and 
current  wave  shape  between  the  initial  full-wave  reduced  voltage  application 
and  the  final  100  percent  full -wave  application  indicates  that  the  trans¬ 
former  has  passed  without  damage.  Any  unexplainable  difference  in  wave 
shape  indicates  a  failure  in  either  the  windings,  the  major  or  minor  in¬ 
sulation,  or  the  bushings. 

As  described  in  Paragraph  7  of  Appendix  B,  two  anomalies  arose  in 
the  full -wave  impulse  tests.  To  determine  if  the  anomalies  indicated  a 
failure  in  the  insulation,  the  transformer  was  subjected  to  an  induced 
voltage,  test  at  400-Hz  and  the  HLIC  and  LHIC  applied  voltage  tests.  The 
transformer  passed  these  auxiliary  tests.  Therefore,  the  transformer  was 
considered  to  have  passed  the  full -wave  and  chopped-wave  impulse  voltage 
tests . 

•  Full-Wave  and  Chopped-Wave  Impulse  Voltage  Test  Conclusions: 

From  the  test  results,  it  was  concluded  that  the  tested  amorphous 
metal -core  transformer  was  able  to  withstand  simulated  lightning 
surges,  even  when  it  was  energized.  It  is  noteworthy  that  these 
tests  were  more  severe  than  the  unenergized  tests  prescribed  in 
ANSI/1F.F.F,  C57. 12.90-1980. 

Infrare.d  Scanning  Test  (Transformer  Energized!.  This  test  was  con¬ 
ducted  to  obtain,  by  means  of  an  infrared-sensitive  detector,  a  visual 
indicat  ion  of  the  amount  of  energy  required  to  magnetize  the.  transformer 
core.  ''he  infrared  scans  of  an  energized  amorphous  metal -core  transformer 
and  a  silicon-st.ee]  transformer  were  compared. 
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•  Infrared  Scanning  Test  Results  (Transformer  Energized): 
Photographs  of  the  infrared  scan  of  the  amorphous  metal -core 
transformer  and  the  silicon-steel  transformer  are  contained  in 
Appendix  C.  It  can  he  seen  that  the  intensity  of  radiation 
from  the  amorphous  metal -core  transformer  is  less  than  the 
intensity  of  radiation  from  the  silicon-steel  transformer. 

Also,  there  are  no  visible  hot  spots  in  the  infrared  scan  of 
either  transformer. 

•  Infrared  Scanning  Test  Conclusions  (Transformer  Energized) : 

The  test  results  confirm  the  results  of  the  commercial  tests, 
which  indicate  that  the  core  losses  in  the  amorphous  metal-core 
transformer  are  less  than  the  core  losses  in  the  silicon-steel 
transformer. 

Cold-lx>ad  Pickup  Test.  This  test  was  conducted  to  determine  whether 
heavy  loading  of  a  cold  transformer  had  any  injurious  effects,  such  as 
thermal  instability,  on  the  transformer.  The  conditions  that  the  test 
was  designed  to  simulate  are  described  in  the  Phase  I  test  descriptions. 
For  this  test,  the  transformer  was  placed  in  a  cold  chamber  until  the  oil 
temperature  reached  -34  °C.  Then  the  transformer  was  energized  at  200 
percent  load  for  2  hours.  This  was  followed  by  6  hours  of  operation  at 
100  percent  load.  Watt  loss  was  measured  throughout  the  test. 

•  Cold-Load  Pickup  Test  Results:  The  detailed  test  results  are 
contained  in  Appendix  B.  In  summary,  within  a  relatively  short 
time,  the  losses  stabilized  at  both  loading  conditions  and  re¬ 
mained  fairly  constant  throughout  the  remainder  of  each  test 
iteration.  Subsequently,  the  transformer  passed  the  commercial 
test . 

•  Cold-Load  Pickup  Test  Conclusions:  From  the  results  of  the 
tests,  it  was  concluded  that  the  tested  amorphous  metal-core 
transformer  can  satisfactorily  withstand  being  subjected  to  a 
200  percent  cold  load  when  the  transformer  oil  temperature  is 
-34  °C.  Further,  the  transformer  can  operate  satisfactorily 
for  an  extended  period  at  100-percent  load  after  the  200 
percent  load  period.  This  realistic  test  demonstrated  that  the 
transformer  design  is  sufficient  to  adequately  circulate  the 
transformer  oil  during  a  cold  load.  No  damage  to  the  trans¬ 
former  insulation  is  likely  to  occur  as  a  result  of  hot.  spots 
caused  by  poor  transformer  circulation. 

Saturation,  Efficiency,  and  Regulation  Tests  These  tests  were 
conducted  to  compare  the  excitation  current,  no-lond  loss,  load  loss, 
regulation,  and  efficiency  of  the  amorphous  metal -core  and  s i  1  i con -s tee  1 
transformers  under  loading  conditions  of  50  percent,  100  percent,  and  150 
percent  of  rated  load.  The  tests  were  run  as  described  in  the  Phase  T 
test  descriptions. 


•  Saturation,  Efficiency,  and  Regulation  Test  Results: 

Saturation:  The  excitation  current,  in  the  amorphous 

metal-core  transformer  was  significantly  lower  (0.25  to 
0.5)  than  the.  excitation  current  in  the  silicon-steel 
transformer  for  all  loading  conditions  and  all  values  of 
secondary  voltage.  The  test  data  are  listed  in  tabular 
form  in  Appendix  D,  and  illustrated  in  Figures  4  through 
7. 

No- Load  bosses:  The  no-load  losses  of  the  amorphous 
metal-core  transformer  were  significantly  lower  than  the 
no-load  losses  of  the  silicon-steel  transformer  for  all 
loading  conditions  and  all  values  of  secondary  vcltage. 

At  100  percent  of  rated  flux  voltage,  the  no-load  loss  of 
the  amorphous  metal -core  transformer  was  27  percent  of  the 
no-load  loss  for  the  silicon-steel  transformer.  The  actual 
values  closely  approximated  the  nameplate  values  for  both 
transformers.  The  test  data  are  provided  in  tabular  form 
in  Appendix  D  and  in  Figures  8  through  11. 

Regulation:  Both  the  measured  and  calculated  percent 

regulation  of  the  amorphous  metal-core  transformer  was 
better  (lower)  than  the  measured  or  calculated  percent 
regulation  of  the  silicon-steel  transformer  at  50  percent, 
100  percent,  and  150  percent  load  for  both  0.8  and  1.0 
power  factors.  The  test  data  are  provided  in  tabular  form 
in  Appendix  B  for  all  loading  conditions,  and  illustrated 
in  Figure  12  for  100  percent  loading. 

Efficiency:  Both  the  measured  and  calculated  efficiency  of 
the  amorphous  metal -core  transformer  was  better  (higher) 
than  the  measured  or  calculated  efficiency  of  the  silicon- 
steel  transformer  at  50  percent,  100  percent,  and  150  per¬ 
cent  load  for  both  0.R  and  1.0  power  factors.  The  t.esL 
data  are  provided  in  tabular  form  in  Appendix  B  and  illus¬ 
trated  in  Figure  13  for  100  percent  loading. 

The  electrical  parameters  of  the  amorphous  metal-core  transformer 
showed  very  little  variation  from  previous  values  after  the  saturation, 
efficiency,  and  regulation  tests  were  completed.  See  Appendix  A  for  the 
detailed  results  of  the  commercial  tests  conducted  before,  and  after  the. 
saturation,  efficiency,  and  regulation  tests. 

•  Saturation,  Efficiency,  and  Regulation  Test  Conclusions:  The 
amorphous  metal -core  transformer  performed  better  in  all  tests 
than  the  silicon-steel  transformer.  There  were  no  significant 
changes  in  the  electrical  parameters  of  the  amorphous  metal -core 
transformer  as  a  result  of  the  testing. 

Safe  Transit  (Shake  and  Drop)  Tests.  These  tests  were  conducted  to 
demonstrate  that  the  transformer  could  withstand  the  shocks  and  vibrations 
encountered  during  a  simulated  cross-country  shipment,  with  no  significant. 
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mechanical  damage  and  no  significant  change  in  electrical  performance 
characteristics.  Two  tests  were  run:  (1)  a  4 -hour  Lest  on  the  safe 

transit  machine  at  160  rpm  to  simulate  two  cross-country  shipments  by 
truck,  and  (2)  a  4-foot  drop  of  the  transformer  onto  a  hard  surface  (to 
simulate  inadvertent  mishandling  during  transit).  After  the  shake  and 
drop  tests,  the  transformer  was  subjected  to  the  commercial  tests  to  de¬ 
tect  any  changes  in  electrical  performance  and  to  an  autopsy  where  the 
transformer  core  was  removed  from  the  tank  and  inspected  for  damage.  The 
pass/fail  criteria  are  described  in  the  Phase  1  test  descriptions. 

•  Safe  Transit  (Shake  and  Drop)  Test  Results:  The  transformer 
passed  the  shake  and  drop  tests  with  no  significant  external 
damage.  When  the  shake  and  drop  tests  were  completed,  the 
amorphous  metal -core  transformer  was  subjected  to  the  commer¬ 
cial  tests.  The  transformer  passed  the  tests  with  a  3  percent 
drop  in  no-load  loss,  which  was  substantially  less  than  the 
allowed  10  percent  drop.  There  were  no  significant  changes  in 
the  other  electrical  performance  parameters  of  the  transformer 
( see  Append i x  A) . 

•  Safe  Trans  it  jjShake  and  Drop)  Test  Conclusions:  The  pre¬ 
liminary  conclusion  from  the  shake  and  drop  tests  was  that  the 
transformer  passed  the  tests.  See  the  autopsy  test  results  in 
the  following  paragraph  for  further  discussion  of  the  test 
resu  Its. 

Post-Shake  and  Drop  Test  Autopsy.  The  post-drop  untanking  and 
inspection  was  done  to  determine  the  extent  of  mechanical  damage,  if  any, 
to  the  transformer  core  or  internal  structures  as  a  result  of  the  drop 
tes  t . 

•  Post-Shake  and  Drop  Test  Autopsy  Results:  When  the  transformer 
was  unt'.anked,  minor  mechanical  damage  to  the  tank  hot. tom  (a 
bowed  core/coil  and  cracked  core/coil  pressure  plates)  was 
found.  In  addition,  amorphous  metal -core  particles  were  found 
on  the  bottom  of  the  tank,  on  the  inside  of  the  bottom  frame, 
and  on  the  coils.  See  Figure  1  in  Sect  ion  8  of  Appendix  R. 

•  Post-Shake  and  Drop  Test  Autopsy  Conclusions:  The  criteria  for 
passing  the  test  were  that  there  had  to  be  no  evidence  of  the 
amorphous  metal  flaking  in  the  transformer  core  and  there  had 
to  he  no  evidence  of  mechanical  damage  to  the  transformer  in¬ 
ternal  structures  that  could  impair  the  long-term,  reliable 
operation  of  the  transformer  as  a  result  of  the  drop  test.  The 
mechanical  damage  to  the  exterior  of  the  tank  and  to  the  inter¬ 
nal  core/coil  support  structures  was  not  considered  to  tie  serious 
considering  the  severity  of  the  test. 

The  presence  of  amorphous  metal  particles  in  the  tank,  on  the  coils,  and 
in  the  tank  oil  was  considered  serious.  The  presence  of  these  particles 
would  reduce  the  coil-Lo-coil  insulat  ion  margin  of  the  transformer. 
Therefore,  it,  was  concluded  that  the  transformer  had  not  passed  the 
post. -test,  autopsy. 


NOTH 


After  all  Phase  I  Posts  wore  completed,  the  transformors  wore  returned 
the  General  Electric  Company  I)  istr  ihnt  ion  Transformer  Division  plant. 
Hickory,  North  Carolina.  At  the  suggestion  of  NCF.i,  engineers,  General 
Electric  devised  a  product i on- 1 i ne  change  to  completely  encapsulate  the 
core  and  correct  the  problem. 

Phase  I  I 

The  identity,  objectives,  and  pass/fail  criteria  for  the  Phase  II 
tests  are  described  in  the  Phase  11  test  descriptions.  The  sequence  of 
testing  for  each  transformer  tested  in  Phase  II  is  set  forth  in  the  Phase 
II  test  sequence.  The  General  Electric  Company  tesL  data  are  contained 
in  Appendix  E.  The  results  and  conclusions  f rom  the  Phase  II  tests  are 
provided  in  the  following  paragraphs. 

Cross-Country  TesL.  The  cross-country  Lest  was  conducted  to 
demonstrate  that  the  amorphous  metal-core  transformers  could  withstand 
the  shocks  and  vibrat ions  encountered  in  cross-country  shipment,  by  com¬ 
mercial  truck  with  no  mechanical  damage  or  change  in  electrical  per¬ 
formance.  For  this  Lest,  five  25-kVA  amorphous  metal -core  transformers 
were  shipped  by  commercial  truck  from  Hickory,  North  Carolina,  to  Port 
llneneme,  California,  and  back  to  North  Carolina  by  commercial  truck. 
Standard  commercial  packing  an  1  handling  procedures  were  used. 

•  Cross-Country  Tost  Results:  From  the  results  of  the  post - 
transport  untanking  of  the  transformers,  there  was  no  visible 
damage  from  the  approximately  A, 000-mile  truck  transport  of  the 
transformers.  The  results  of  the  before  and  after  commercial 
tests  indicated  no  changes  in  electrical  performance  parameters 
that,  were  outside  the  allowed  variations.  There  was  no  indica¬ 
tion  of  amorphous  metal  particle  flaking  in  the  four  encapsulated 
transformers.  Fifteen  small  amorphous  metal  particles  were 
found  in  the  bottom  containment,  box  of  the  nonenoapsu  1  a  t  ed 

t  rans forme r . 

•  Cross-Country  Test  Conclusions:  All  five  transformers  passed 
tin'  cross-country  test,  and  the  subsequent  commercial  and  un¬ 
tanking  and  autopsy  tests  (see  Appendix  A  for  the  commercial 
test  results).  It  was  further  concluded  that  the  amorphous 
met.nl -core  transformers  could  withstand  the  typical  shocks  and 
vibrat  ions  encountered  in  e ross -count ry  truck  shipment  without 
physical  damage  or  significant  change  in  electrical  parameters. 

1-Foot  Drop  Test..  The  A- foot  drop  test  was  conducted  on  three  of 
the  transformeis  to  simulate  the  shock  that  the  transformer  would  receive 
if  it  was  mishandled,  and  inadvertently  dropped,  from  a  height  of  A  feet 
(  from  the  bottom  of  the  transformer  tank)  to  a  hard  surface.  The  test 
procedure,  test  data,  and  test  photographs  are  contained  in  Appendix  E. 


•  3-Foot  Drop  Test  Results:  The  results  of  the  drop  test  were  as 
fol lows : 

In  all  three  transformers,  the  fink  bottom  had  bulged  and 
the  bottom  clamp  had  been  bent,  but  none  of  the  embossed 
areas  of  the  containment  tray  were  punctured. 

The  top  and  bottom  clamp  assemblies  of  all  three  units 
were  very  clean.  There  was  no  evidence  of  amorphous  metal 
part i c 1 es . 

There  were  seven  small  amorphous  metal  particles  in  the 
bottom  of  the  nonencapsu 1  a t ed  transformer  containment  box. 

There  were  four  small  amorphous  metal  particles  inside  the 
bottom  containment  box  of  one  of  the  encapsulated  trans¬ 
formers  (serial  number  P26r'8R? -YOR  )  . 

There  was  one  small  amorphous  metal  particle  inside  the 
bottom  containment  box  of  the  other  encapsulated  trans¬ 
former  (serial  number  P'’63RK3 -YOR)  . 

There  were  no  amorphous  metal  part  icles  in  the  oil  or  the 
inside  of  the  transforms  i an!  of  all  three  transformers. 

•  3-Foot  Drop  Test  Conclusions:  I'rom  the  3-foot  drop  test  results, 
it  was  concluded  that  the  encapsulated  transformers  passed  the 
test.  The  significance  of  the  tost  results  is  that  the  amorphous 
metal  flaking  problem  experienced  in  the  drop  tests  of  Phase  I 
has  been  solved. 

DISCUSSION 

NCKli  successfully  verified  the  tel  lability  and  performance  of  amor¬ 
phous  metal -core  transformers  over  a  3 -month  tost  period.  The  amorphous 
metal-core  transformers  met  or  exceeded  the  A\S  I  I  KF.K  or  NKMA  standard 
for  all  tests  conducted.  The  amorphous  met  a  I  -core  transformers  performed 
better  in  all  tests  when  compared  to  convent  ional  s  i  1  i con -st on  1  trans¬ 
formers.  In  addit  ion,  NCF.I,  verified  that  the  no-load  losses  of  the 
amorphous  metal -core  transformers  were  e.pi.tl  !>■  oi  lower  than  the  values 
claimed  by  the  transformer  matin  fa<  turer  . 

During  Phase  I  test  ing,  a  problem  was  discovered  with  amorphous  metal 
particles  breaking  loose  from  the  transfoimci  <oie.  These  particles  were 
found  in  the  bottom  of  the  tank,  on  the  inside  of  the  hot  trim  frame,  and 
on  the  coils  of  the  transformer.  Coiisei|nent  lv,  the  amorphous  core  trans¬ 
formers  fail’d  the  safe  transit  tests.  NCF.I.  suggested  a  product  ion- 1 i no 
change  to  General  Klectric,  recommending  i<>mplete  encapsulation  of  (he 
transformer  core.  This  rocommonda t  ion  was  implemented  by  the  General 
F.lectric  Company.  Subsequent  testing  in  Ph  iso  11  demonstrated  that  the 
amorphous  metal  flaking  problem  had  been  resolved  through  complete  en- 
capsnlat  iort  of  the  amorphous  transformer  '>><- 
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CONCLUSIONS 


In  every  electrical  p. rformance  lest,  the  amorphous  metal-core 
transformers  met  or  exceeded  the  ANSI/IEF.F.  or  NF.MA  standard  for  the  test. 

The  amorphous  metal -core  transformers  also  passed  other  more  stress- 
inducing  tests,  such  as  the  energized  impulse  voltage  tests,  the  front  of 
wave  impulse  test,  the  safe  transit  test,  and  the  cold-load  pickup  test. 

In  every  test  where,  the  electrical  performance  of  amorphous  metal - 
core  and  silicon-steel  transformers  was  competed,  the  amorphous  metal- 
core  transformers  performed  better  than  the  silicon-steel  transformers. 

The  no-load  losses  of  the  amorphous  m'tal-core  transformers  were 
equal  to  or  lower  than  previous  predict  ions  made  by  the  transformer 
manufacturer . 

The  amorphous  metal  flaking  problem  discovered  in  the  Phase  I  tests 
appears  to  have  been  solved  effectively  by  the  product  ion- 1 ine  modification 
made  at  the  suggestion  of  NCF.I,  engineers. 

Based  on  the  test  results,  it  is  reasonable  to  expect  that  the  amor 
phous  metal-core  transformers  will  operate  with  equal  or  better  reliability 
than  the  s i 1 i con -stee  1  transformers  over  the  nominal  lifetime  of  a  trans¬ 
former  . 


RECOMMENDATIONS 

Based  on  the  results  of  the  tests,  the  following  recommendations  are 

made : 

1.  Up  to  500  kVA  amorphous  metal -core  transformers  should  be  procured  as 
replacements  based  upon  life-cycle  cost  analysis  for  up  to  500  kVA  poly¬ 
chlorinated  biphenyl  (PCB)  contaminated  transformers  and  for  replacement 
of  other  transformers  through  500  kVA  requiring  replacement  due  to  age, 
loading,  or  maintenance. 

2.  The  development  and  commercial  availability  of  larger  kVA-capacity 
amorphous  metal -core  transformers  should  be  closely  followed. 

3.  As  larger  kVA-capac i ty  transformers  become  commerc i a  1 ly  available, 
they  should  be  procured  as  replacements  for  similar  size  PCB-contnminated 
transformers,  and  for  replacement  of  other  similar-size  transformers 
requiring  replacement  due  to  age,  loading,  m  maintenance. 

A.  All  amorphous  transformer  cores  should  be  specified  as  fully  encap¬ 
sulated  in  order  to  eliminate  metallic  flaking 
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ZS  kVA/75  kV  BIL  |  ZS  kVA/75  kV  BIL  Tes-t  Object 

Phase  I  Testing  Amorphous  Metal  I  Silicon  Steel  Pass/Fail  Test  Standard  Used 


107  -  1964  Reaffirmed  1981  Test  Method 


j  25  kVA/75  kV  BIL  25  kVA/75  kV  BIL  Test  Object 

Phase  I  Te-tmg  I  Amorphous  Metal  Silicon  Steel  Pass/Fail  Test  Standard  Used 
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FUTURE  WORK 


Amorphous  metal -core  transformers  are  an  emerging  new  technology 
that  will  meet  the  typical  wide  swings  in  Navy  transformer  load  re¬ 
quirements  of  no-load  to  full  load.  Currently,  25-kVA  through  75-kVA 
production-grade  amorphous  metal-core  transformers  are  commercially 
available.  Pilot-line  75-kVA  through  500-kVA  amorphous  metal -core  trans¬ 
formers  are  also  available.  Industry  projections  indicate  that  amorphous 
metal -core  transformers  will  be  price  comparable  in  the  1990s  arid  will 
eventually  dominate  the  transformer  market. 

NCF.b  will  focus  efforts  on  low  core  loss  transformer  technology  due 
to  the  potential  of  large  Navywide  energy  savings.  Eight  three-phase, 
pad-mounted,  amorphous  metal -core  transformers  (three  75-kVA  units  and 
five  150-kVA  units)  are  currently  being  field  tested  by  NCEI,  at  Pearl 
Harbor,  Hawaii.  NCKL  plans  to  field  test  a  300-kVA  unit  at  the  Pacific 
Missile  Test  Center,  Point  Mugu ,  California. 
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Table  1.  Phase  I  Transformer  Test  Sequences 


Amorphous  Metal-Core  Transformer  Test  Sequence 

Serial  Number 

P2  17059-YZA 

Serial  Number 
P217060-YZA 

Serial  Number 
P217061 -YZA 

£ 

Commercial  Tests 
Short-Circuit  Test 
Sound  Level  Test 

RIV  Test 

C' mmor-ial  Tests 
4-hour  Shake  Test 
Commercial  Tests 
4-Foot  Drop  Test 
Commercial  Tests 
Autopsy 

_ ; 

RIV  Test 

Commercial  Tests 

100%  Temperature  Rise 
170%  Temperature  Rise 
Commercial  TegLs 

Impulse  Tests 
(Energized) 

Infrared  Scan 

RIV  Test 

Commercial  Tests 

100%  Temperature  Rise 
170%  Temperature  Rise 
Commercial  Te«=tsa 
Cold-Load  Pickup  Test 
Commercial  Tests 
Regulation  Tests 
Efficiency  Tests 
Saturation  Tests 
Commercial  Tests 

Silicon-Steel  Transformer  Test  Sequence 

Serial  Number 

P2392 16-YOB 

Serial  Number 

P239217-YOB 

Infrared  Scan 

100%  Temperature  Rise 

150%  Temperature  Rise 
Commercial  Tests 

Regulation  Tests 

Efficiency  Tests 

Saturation  Testsa 

Commercial  Tests 

100%  Temperature  Rise 

150%  Temperature  Rise 

Commercial  Tests 

The  commercial  tests  included  the  ratio  test,  full-wave  impulse 
test,  applied  potential  tests  (HLIC  and  LHIC),  induced  potential 
(400-Hz)  test,  no-load/exciting  current  test,  winding  resistance 
test,  and  impedance  voltage/ load  loss  test. 

^The  impulse  tests  (with  the  transformer  energized)  were  conducted 
in  the  following  order:  reduced  full-wave  test,  chopped-wave  test, 
400-Hz  front-of-wave  test,  400-Hz  full-wave  test,  and  400-Hz  HhlC 
and  LHIC  tests. 
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Table  2.  Phase  fl  Transformer  Test  Sequences 


Serial  Number 
P2170S9-YZAa 

Serial  Number 
P217D60-YZAa 

Serial  Number 
P217061-YZAa 

Commercial  Test 
Cross-Country  Test 
Commercial  Test 
Autopsy 

Commercial  Test 
Cross-Country  Test 
Commercial  Test 
Autopsy 

Commercial  Test 
Cross-Country  Test 
Commercial  Test 
Autopsy 

3-Foot  Drop  Test 
Autopsy 

Serial  Number 
P265882-Y0Ba 

Serial  Number 

P265885-Y0B3 

Commercial  Test 
Cross-Country  Test 
Commercial  Test 

Autopsy 

3-Foot  Drop  Test 

Autopsy 

Commercial  Test 

Cross-Country  Test 

Commercial  Test 

Autopsy 

3-Foot  Drop  Test 

Autopsy 

3 

Amorphous  metal -core  transformer  with  encapsulated  core. 
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Table  3.  Summary  of  Temperature  Rise  Results 


Amorphous  and  Silicon 

Transformers  at  100%  of  Rated  Load 

Serial 

Core 

Top  Oil 

HV  Winding 

LV  Winding 

Number 

Material 

Temp  Rise 

rc) 

Temp  Rise 
(°C) 

Temp  Rise 
(°C) 

P217060-YZA 

Amorphous 

39.  1 

48.9 

47.5 

P217061-YZA 

Amorphous 

39.4 

51.7 

50.4 

P239216-Y0B 

Silicon 

53.  7 

60.2 

58.6 

P2392 1 7 -YOB 

Silicon 

52.  1 

59.6 

60.8 

Avg  Silicon  Temp  Rise  (°C) 

52.90 

59.90 

59.80 

Avg  Amorphous 

Temp  Rise  (°C) 

39.25 

50.30 

48.95 

Temp  Rise  Difference  (°C) 

13.65 

9.60 

10.85 

Amorphous  at  170%  Rated  Load  and  Silicon  at  150%  Rated  Load 

P2 1 7060-YZA 

Amorphous 

101.71 

127.5 

122.4 

P217061-YZA 

Amorphous 

101.71 

129.2 

123.4 

P239216-YOB 

Silicon 

102.  1 

120.6 

112.5 

P239217-YOB 

Sil icon 

99.81 

118.8 

110.2 

Avg  Amorphous 

Temp  Rise  (°C) 

101.70 

128.35 

122.90 

Avg  Silicon  Temp  Rise  (°C) 

100.95 

119.70 

111.35 

Temp  Rise  Difference  (°C) 

0.  75 

8.65 

1 1 . 55 
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Figure.  2.  Audible  sound  level  test. 
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Figure.  3.  Short-circuit  test. 
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Figure  4.  Exciting  current  versus  %  rated  flux  volts  at  no-load 
cond i t i on . 
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Figure  5.  Exciting  current  versus  %  rated  flux  voKs  at  50%  load 
condit ion . 
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Figure  8.  No  load  loss  versus 
condi t i on . 
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Figure  10.  No-load  loss  versus  %  rated  flux  voltage  at  100%  load 
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Figure  13.  Percent  efficiency  at  100%  load. 


Appendix  A 

SUMMARY  OF  PHASE  T  TEST  RESULTS  FOR 
25-kVA  AMORPHOUS  METAL-CORE  TRANSFORMERS 
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I  certify  that  the  attached  Engineering  Report  #87-11  is  an  accurate  summary 
of  the  testing  done  on  three  General  Fleet tic  amorphous  distribution 
transformers  and  two  General  Flee trie  silicon  steel  transformers  provided  by 


N.C.E.I.. . 


The  tests  which  are  specified  by 
accordance  with  those  standards, 
the  N.C.F.L.  statement  of  work, 
changed  from  3  feet  to  4  feet  at 
the  tests. 


either  ANSI  or  NFMA  standards  were  done  in 
The  other  tests  were  done  in  accordance  with 
In  the  case  of  the  drop  test,  the  height  was 
the  request  of  N.C.F.L.  personnel  witnessing 
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1. 


INTRODUCE  ION 


"The  United  States  Naval  Civil  engineering  Laboratory  (N.C.L.L.)  engineers 
are  evaluating  amorphous  metal  transformers  as  emerging  new  technology  to 
reduce  electric  baseioad  power  consumption  and  as  a  PCB  transformer 
replacement."  As  part  of  this  evaluation,  the  N.C.L.L.  contracted  with 
the  Westinghouse  Distribution  Transformer  Division  (DID)  to  test  and 
evaluate  three  25  kVA  General  Fleet ric  amorphous  metal  transformers 
(N.C.L.L.  Requisition  //N683U5-6.539- 7/3  L ) .  Two  25  kVA  General  F.  lee  t.  ric 
silicon  steel  transformers  were  provided  for  comparison  testing.  All 
transformers  were  provided  by  N.C.L.L.  and  were  returned  to  N.C.L.L. 
following  test  and  evaluation.  In  January  128/,  Westinghouse  DID  began  a 
rigorous  test  program  to  determine  the  viability  of  amorphous  metal 
transformers  for  Naval  use.  litis  report  contains  the  results  of  that 
testing  program. 

1 1 .  CONCI.US  ions/rlcommf:ndai  IONS 

The  three  amorphous  metal  transformers  tested  and  evaluated  by  DID  passed 
all  tests.  Amorphous  metal  transformers  with  wound  cores  are  a  viable 
product  and  functionally  suitable  for  applications  such  as  reducing 
electric  baseload  power  consumption  and  replacing  PCB  transformers. 

III.  LXPLRIMLNTAL  PROCEDURE /RESULTS 

A  list  is  given  in  Table  1  of  the  tests  performed  on  the  transformers  with 
amorphous  metal  cores.  Some  tests  were  also  performed  on  transformers 
with  silicon  steel  cores  for  comparison  purposes.  Ihese  tests  are  also 
listed  in  Table  l.  The  test  sequence  for  the  transformers  is  given  in 
lable  2.  Finally,  the  test  descriptions  and  results  are  given  in  Sections 
1  through  11. 
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tabu;  L,  T£STS  B(  ki  ormf.u 


73  kVA 
73  kV  BIT. 
Amorphous  Metal 
Test  Status 

ANSI  "KfJUl  INK"  IKS  IS 


Ratio  T* 

BoLarity  I* 

HI  IC  (’ 

I  Hit:  I* 

A00  HZ  f* 

No-Load  l.oss/F.xciting  Current  C 

ANSI  "1)1  SIGN"  TKS1S 

f- 1 j  1  L  Wave  Impulse  f1 

Chopped  Wave  Impulse  * 

Winding  Resistance  C 

Impedance/l  oad  I  oss  C 

Temperature  Rise  (’ 

Sound  Level  P 

ANSI  "01 1  HR"  IISIS 

Radio  Influence  Voltage  (R1V)  P 

Short  Circuit  P 


ADIJ1 1  IUNAI.  US  IS  ** 


Front  of  Wave  Impulse  * 
Full  Wave  Impulse -F.nergized  P 
Chopped  Wave  Impulse -F.nergi  zed  P 
front  of  Wave  Impulse-Cnergi/ed  P 
Safe  Transit  Test  (Shake  &  Drop)  P 
Infrared  Scanning-f-.nergi.zed  C 
Cold  Load  Pickup  P 
Saturation  Curves  0 
Regulation  &  efficiency  C 


73  kVA 
/3  kV  B1L 
Si licon  Steel 
lest  Status 


FJ 

P 

P 

P 

P 

C 


fJ 

X 

C 

C 

P 

X 


X 

X 


X 

X 

X 

X 

X 

c 

X 

c 

c 


lest  Results/ 

Descr iption  Section 


1 

1 

1 

1 

1 

1 


1 

6 

1 

1 

2 

3 


A 

3 


6 

7 

/ 

7 

8 
9 

10 

11 

11 


P  -  Passed  lest 
K  -  Failed  Test 

C  -  Testing  Completed  -  No  Pass/Fail  Criteria  Available 

*  -  See  Same  Test  With  Oriit  F.nergized 
0  -  Oual ified  Pass 

X  -  This  Test  Not  Part  of  Test  Program  for  Silicon  Steel  Units 

*  lhese  Tests  are  not  defined  or  required  by  ANSI  and/or  NCMA  Standards. 
These  tests  were  defined  by  mutual  agreement  with  N.C.F..L.  and  specified 
in  the  Statement  of  Work  (pages  3,  A  &  b  of  Requisition  //N68303-6339-7 /3 
provided  by  N.C.fi.L. 
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I  I. ST  DFSCK  I PH  DNS  AND  RLSULTS 


L .  Distribution  T rans former  Division  (DTD)  Standard  Tests 

Ratio  per  ANSL  C57. 12.90-1980  Sec.  7 

Polarity  per  ANSI  09/ . 1 2 .90-1980  Sec.  6 

ful L  Wave  Impulse  per  ANSI  C57. 12.90-1980  Sec.  10.5 

Applied  Potential  (HI  IC  &  OHIO)  per  ANSI  057. 12.90-1980  Sec.  10.3 

Induced  Potential  (400  Hz)  per  ANSI  05/. 12.90-1980  Sec.  10. A 

Nl.  Loss/F-.xc it ing  Current  per  ANSI  05/ .  12.90-1980  Sec.  8 

lmpedance/load  loss  per  ANSI  05/ . 12.90-1980  Sec.  9 

These  commercial  tests  are  performed  on  each  DTD  transformer  before  it  is 
shipped.  In  general  the  tests  indicate  the  degree  of  consistency  of 
manufacturing  procedures  and  processes  and  serve  as  a  check  on  the  quality 
of  the  transformers.  The  amorphous  metal  transformers  were  commercially 
tested  upon  receipt  and  at  other  times  during  the  test  sequence  when 
required.  The  amorphous  metal  transformers  all  passed  the  "as  received" 
commercial  tests  (see  Appendix  A. I  for  test  reports). 

2.  Temperature  Rise 

Per  ANSI  05 /. I  2 .90-1980  Sec.  11 

One  coil  of  amorphous  metal  transformer  P2L7059-YZA  was  sectioned  to 
determine  HV  arid  LV  conductor  cross-sectional  areas.  These 
cross-sectional  areas  «ere  used  in  the  calculation  of  the  LV  and  HV 
winding  temperature  rises  for  the  amorphous  metal  transformers  according 
to  ANSI  05/ .12.90-1980  Sec.  11.3.1.1.  for  the  silicon  steel  transformers 
at  100%  load,  the  LV  and  HV  winding  temperature  rises  were  calculated 
assuming  winding  load  losses  less  than  14  watts/ lb.  and  using  a  l°C/minute 
after  shutdown  correction  according  to  ANSI  C5/. 12.90-1980  Sec.  11.3.1.1. 
for  the  silicon  steel  transformers  at  150%  load,  the  winding  temperature 
rises  were  calculated  using  the  cooling  curve  method  according  to  ANSI 
05/. 12.90-1980  Sec.  11.3.1.2. 


lest  results 

at  100%  load 

were  (test  reports 

in  Appendix  A. 

.2): 

Serial 

Core 

Top  Oil 

HV  Winding 

LV  Winding 

Number 

Material 

Rise  (°C) 

Rise  (°C) 

Rise  (°C) 

P21 /060-YZA 

AM 

39.1 

48.9 

47.5 

P21/061-YZA 

AM 

39.4 

51.7 

50.4 

P2392  L6-YDB 

Si  1  icon  St . 

53.7 

60.2 

58.8 

P23921/-YDB 

Si  l icon  St . 

52.1 

59.6 

60.8 

All  of  the  above  units  operated  under  the  ANSI  65°C  temperature  rise 
limit.  The  amorphous  metal  (AM)  units  operated  at  lower  temperatures  than 
the  silicon  steel  units.  The  temperature  rises  are  a  function  of  the 
losses  of  the  core/coil  as  weLl  as  the  cooling  surface  of  the  tank. 
Amorphous  metal  core/coils  tend  to  he  physically  larger  than  silicon  steel 
core/coils  with  the  same  design  value  for  losses.  The  amorphous  metal 
units  may  be  in  larger  diameter  tanks,  as  was  the  case  here,  and  therefore 
may  tend  to  have  lower  temperature  rises. 
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It  was  also  planned  to  make  temperature  rise  measurements  on  the  above 
units  at  170%  toad  (not  a  required  ANSI  test),  it  was  not  possible  to 
test  the  silicon  steel  units  at  1/0%  load  because  the  oil  temperature 
would  have  exceeded  the  flashpoint.  Therefore,  the  silicon  steel  units 


were  tested  at 
Appendix  A.  2): 

130%  load. 

Test  results 

were  (test 

reports  in 

Serial 

Core 

lop  Oil 

HV  Winding 

LV  Winding 

Number 

Material 

Load 

Rise  (°C) 

K±se..CDCl. 

Rise  (°C) 

P217060-YZA 

AM 

170% 

101.7 

12/. 3 

122.4 

P21/061-YZA 

AM 

170% 

101.7 

129.2 

123.4 

P2392 16-YOB 

SiLicon  St. 

130% 

102.1 

120.6 

112.3 

P2392L7-Y0B 

Si licon  St . 

130% 

99.8 

1  18.8 

110.2 

The  above  units  passed  commercial  tests  following  temperature  rise  testing 
(test  reports  in  Appendix  A. 2). 

3 .  Sound  Level 

Per  ANSI  C37. 12.90-1980  Sec.  13 
ANSI /IEEE  Std .  141-1986 
NEMA  TR1-1980 

Sound  level  tests  were  performed  on  an  amorphous  metal  transformer  after  it  was 
subjected  to  short  circuit  testing  (see  Section  3).  The  sound  level 
measurements  represented  "worst  case"  conditions,  since  short  circuit  testing 
could  increase  sound  level  by  loosening  and/or  fracturing  core  laminations  if 
it  were  possible  to  do  so. 

Transformer  P21/039-YZA  had  a  sound  level  of  32.4  dB(A)  at  100%  rated  voltage 
(very  low  -  only  0.1  dB(A)  greater  than  semi-anechoic  chamber)  and  37.3  riB(A) 
at  110%  rated  voltage.  The  sound  level  measured  at  100%  voltage  is  well  below 
the  NEMA  limit  of  48  dB(A).  There  is  no  ANSI  limit  on  the  sound  level  at  110% 
voltage.  The  test  report  is  included  in  Appendix  A. 3. 

4 .  Radio  Influence  Voltage  (RIV) 

Per  NEMA  TR1-1980  Revision  2  Sec.  0.03  (Limits) 

7.01  (Test  Code) 

10/-1964  Reaffirmed  1981  (Test  Methods) 

Amorphous  metal  transformers  P21/039-YZA,  P21/060-YZA,  and  P21/061-YZA  produced 
no  RIV  at  100%  or  110%  rated  voltage  (test  record  in  Appendix  A. 4). 

5 .  Short  Circuit 

Per  ANSI  C5/. 12.90-1980  Sec.  12 
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The  short  circuit  test  results  on  amorphous  metaL  transformer  P21/G59-YZA  are: 

SC  %  Z  %  In  Inrush  Current 

Current  Change/  Change/  X  Normal 

X  Rated  Limit  lliULL  1st  Peak  6th  Peak 

AO  *5.3/11.1  * l .0/25  28.8  12.8 

*  As  determined  from  before  and  after  (W)  standard  commercial  tests. 

Ihis  transformer  passed  the  short  circuit  test.  Standard  commercial  tests 
following  the  short  circuit  test  and  an  autopsy  of  the  transformer  revealed  no 
damage  attributable  to  short  circuit  testing.  Short  circuit  and  standard 
commercial  test  results  are  in  Appendix  A. 5. 

Magnetizing  inrush  current  tests  were  also  done  on  this  unit  (see  above 
results).  There  are  no  industry  standards  on  magnetizing  inrush  current 
tests.  The  magnetizing  inrush  current  measurements  were  made  under  conditions 
which  should  have  resulted  in  maximum  peak  inrush  current. 

6 .  Chopped  Wave  and  Front  of  Wave  Impulse 

Per  ANSI  C5'/.  12.90-1980  Sec.  10.5 

Note  that  front  of  wave  impulse  is  not  a  defined  ANSI  test  for  distribution 
transformers . 

In  order  to  increase  the  severity  of  these  tests,  they  were  performed  with  the 
transformer  energized  at  rated  voltage.  See  "Impulse  Tests  With  Unit 
Lriergized",  Section  7. 

/ .  Impu Ise  Test s  with  Unit  energized 

Per  ANSI  C5/.  12.90-1*780  Sec.  10.5  except  with  unit  energized  at  rated  voltage. 

These  experimental  tests,  which  are  neither  required  nor  defined  by  ANSI,  check 
the  insulation  strength  of  the  transformer  under  simulated  field  operating 
conditions. 

first,  amorphous  metal  transformer  P21/060-YZA  received  a  reduced  full  wave 
impulse  on  each  HV  bushing  to  generate  "baseline"  waveforms  for  comparison  with 
full  wave  impulse  waveforms  to  be  generated  at  the  end  of  the  test.  Then  the 
transformer  passed  88  kV  (1.6  Msec  to  chop)  chopped  wave  impulse  and  135  kV 
(.5  Msec  to  chop)  front  of  wave  impulse  tests.  To  doublecheck  the  chopped 
wave  and  front  of  wave  oscilloscope  indications,  the  unit  received  and  passed 
induced  voltage  (AGO  Hz)  tests  after  the  chopped  wave  and  after  the  front  of 
wave  tests. 
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Next  the  transformer  received  the  75  kV  full  wave  impulse  test,  the 
oscilloscope  figures  (see  Appendix  A./)  revealed  two  anomalies  in  the  wave 
shapes  produced  by  full  wave  impulse.  First,  the  full  wave  tails  rose  above 
the  reference  line  (Figures  A./.4A  and  A./.4B)  while  the  normal  reduced  wave 
tails  rose  to  the  reference  line  (Figures  A./.1A  and  A. 7. IB).  Second,  the  full 
wave  in  Figure  4A  had  a  "kink"  halfway  between  the  peak  and  the  reference  line 
while  the  normal  reduced  wave  had  a  "smooth"  curve  from  the  peak  to  the 
reference  line.  To  determine  if  the  anomalies  signaled  a  failure  in  the 
insulation,  the  unit  was  given  an  induced  voltage  (400  Hz)  test  and  applied 
voltage  tests  (HI. 1C  and  LHIC).  lhe  unit  passed  both  of  these  auxiliary  tests 
and  was  considered  as  having  passed  the  full  wave  impulse  test.  To  conclude, 
the  unit  passed  chopped  wave,  front  of  wave,  and  full  wave  impulse  tests  with 
the  unit  energized  at  rated  voltage,  lhe  test  record  is  in  Appendix  A. 7. 

8 .  Safe  Transit 

Safe  transit  tests  include  a  shake  test  (4  hours  on  the  safe  transit  machine  at 
160  rpm)  and  a  drop  test  (4  feet  onto  a  hard  surface).  The  drop  test  was 

changed  from  3  feet  as  specified  in  the  N.C.t.L.  Statement  of  Work  to  4  feet  at 

the  request  of  N.C.E.L.  personnel  witnessing  the  test.  The  shake  test  is 
designed  to  simulate  a  transformer  traveling  twice  the  distance  from  the  east 
coast  to  the  west  coast  in  a  transfer  truck.  The  drop  test  is  designed  to 
simulate  a  transformer  being  improperly  unloaded  from  the  back  of  a  utility 
truck.  To  pass  the  safe  transit  test,  the  transformer  must  complete  the  shake 

and  drop  tests  with  less  than  or  equal  to  a  10%  increase  in  no-load  watts.  The 

transformer  also  must  pass  DTD  standard  commercial  tests  after  the  shake  test 
and  after  the  drop  test. 

Amorphous  metal  transformer  P21/059-YZA  was  safe  transit  tested.  The  shake 
test  resulted  in  no  change  in  no  load  watts  and  the  drop  test  resulted  in  a  3% 
decrease  in  no  load  watts.  The  transformer  passed  standard  commercial  tests 
after  the  shake  and  drop  tests.  The  unit  passed  the  safe  transit  test.  Test 
records  and  reports  are  in  Appendix  A. 8. 
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After  the  safe  transit  test,  the  unit  was  autopsied.  During  the  autopsy,  some 
mechanical  damage  was  found  such  as  a  bent  and  distorted  tank  bottom,  bowed 
core/coiL  top  frame,  and  cracked  core/coil  pressure  plates.  This  type  of 
damage  was  not  considered  unusual  in  a  25  kVA  transformer  dropped  from  a  height 
of  four  feet.  Amorphous  metal  particles  were  discovered  outside  the  core 
assembly.  Specifically,  they  were  found  in  the  bottom  of  the  tank,  on  the 
inside  of  the  bottom  frame  (see  Figure  1)  and  on  the  coils.  Even  though  the 
unit  passed  the  safe  transit  test  and  subsequent  commercial  tests,  the  presence 
of  amorphous  metal  particles  in  the  oil  environment  could  lower  the  dielectric 
strength  of  the  oil  and/or  reduce  the  insulation  margin  of  the  coil.  This 
could  be  a  greater  concern  in  transformers  operating  at  higher  voltages  than 
this  one,  and  could  be  expected  to  play  a  more  important  role  as  the  insulation 
system  ages. 


igure  1.  Amorphous  Metal  Particles  Inside  Bottom  Frame 
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9.  Infrared  Scanning 

An  amorphous  metal  transformer  P21/G60-YZA  and  a  silicon  steel  transformer 
P239216-Y0B  were  energized  at  various  voltages  and  observed  with  infrared 
imaging  equipment.  The  observations  were  recorded  on  a  video  cassette 
tape  which  was  given  to  the  N.C.E.L.  Ibis  service  was  performed  by 
Pedascan  Inc.  of  Foristell,  Missouri.  Infrared  imaging  gives  a  visual 
indication  of  the  relative  amounts  of  energy  required  to  magnetize  the 
different  cores 

10.  Cold  Load  Pickup 

A  cold  load  pickup  test  was  conducted  on  an  amorphous  metal  transformer 
P21/061-YZA.  This  test  was  designed  to  simulate  the  following  conditions: 

1.  Power  outage  in  cold  (=-35°C)  environment. 

2.  Replacement  transformer  brought  from  cold  (~-35°C)  warehouse  to 
restore  service. 

3.  When  service  is  restored,  everyone  turns  on  heat,  appliances,  etc. 
This  puts  a  heavy  load  on  a  very  cold  transformer  with  oil  viscosity 
much  higher  than  normal. 

The  purpose  of  the  test  was  to  determine  if  the  above  conditions  would 
have  any  injurious  effect,  such  as  thermal  instability,  on  the 
transformer's  operation. 

For  the  test,  the  unit  was  placed  in  a  cold  chamber  at  -38°C.  After  the 
transformer  oil  reached  -34°C,  the  unit  was  energized  at  200%  load  (LV 
winding  shorted).  Watt  loss  was  measured  for  the  next  2  hours.  The  load 

was  then  reduced  to  100%  and  watt  losses  were  measured  each  hour  for  the 

next  6  hours  (test  report  in  Appendix  A. 10.). 

There  was  no  indication  of  thermal  instability.  Further,  the  unit  passed 
all  commercial  tests  (test  report  in  Appendix  A. 10.)  following  the  cold 
load  pickup  test,  lo  conclude,  the  transformer  performed  satisfactorily 
during  the  cold  load  pickup  test. 

I L .  Saturation/Keguiation/FIf ficiency 

Temperature  Rise  Tests  per  ANSI.  05/.  12.90  -  1980  Sec.  11 
Saturation  Curves  per  ANSI  05/. 12.90  -  1980  Sec.  8 
Regulation  Calculations  per  ANSI  05/. 12.90  -  1980  Sec.  14.4 

efficiency  Calculations  per  ANSI  057.12.90  -  1980  Sec.  14.3 

50%,  100%,  and  150%  load  temperature  rise  tests  were  done  on  amorphous 
metal  transformer  P2L/061-YZA  and  silicon  steel  transformer  P239216-Y0B  to 
obtain  the  data  needed  to  plot  percent  regulation  and  percent  efficiency 
versus  percent  load  (see  Appendix  A. 11  for  temperature  rise  test 
records).  Immediately  after  "shutdown"  of  each  temperature  rise  test, 
no-load  loss/excitation  current  measurements  were  made  to  obtain 
saturation  curves  for  50%,  100%,  and  150%  leading  conditions. 
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Saturation,  regulation,  and  efficiency  are  functions  of  transformer  design 
parameters  such  as  core  design  induction,  core  material,  number  of  low 
voltage  winding  turns,  low  and  high  voltage  conductor  sizes  and  materials, 
etc.  A  comparison  of  the  saturation,  regulation,  and  efficiency  of  an 
amorphous  metal  versus  a  standard  silicon  steel  transformer  (based  on 
units  supplied  by  N.C.E.L.)  yields  the  following  conclusions: 

1.  From  Tables  A. 11.1  through  A. 11.8  and  Figures  A. 11. 3  and  A. 11. A  (see 
Appendix  A. 11),  the  exciting  current  of  the  amorphous  metal 
transformer  is  less  than  the  exciting  current  of  the  silicon  steel 
transformer  for  loads  up  to  130%  and  voltages  up  to  110%  of  rated 
nameplate  voltage. 

2.  From  Tables  A. 11.9  and  A. 11. 10  and  Figures  A. 11. 5  and  A. 11. 6  (see 
Appendix  A. 11),  the  percent  regulation  of  the  amorphous  metal 
transformer  is  less  than  the  percent  regulation  of  the  silicon  steel 
transformer  for  loads  up  to  130%  and  voltages  up  Lo  110%  of  rated 
nameplate  voltage  at  power  factors  of  unity  and  0.8  lagging. 

3.  From  Tables  A. 11. 11  and  A. 11. 12  and  Figures  A. 11.7  and  A. 11. 8  (see 
Appendix  A. 11),  the  percent  efficiency  of  the  amorphous  metal 
transformer  is  greater  than  the  percent  efficiency  of  the  silicon 
steel  transformer  for  loads  up  to  150%  and  voltages  up  to  110%  of 
rated  nameplate  voltage  at  power  factors  of  unity  and  0.8  lagging. 

Both  transformers  passed  all  commercial  tests  (see  Appendix  A. 11  for 
test  reports)  following  the  saturation/regulation/efficiency  tests. 
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AI’I’I.NUIX  A.  I 


AS  RFOLVIU  IJ1U  SIANUAKD  IJUMMI.KC  1AL  II  SI  KI  TOKIS 


T/'VR-.Bbe/lO 


«1  _J  1  -  :  ■ 


AS  RECEIVED 


S.E.  2-k A  AfiCRPHGUS  “E7SL  PCLE  T'vpE 


75kv'  SIL  SERIAL  ¥: P2I7C59-YZA 


RATIO 

PASS 

f  HV  RESISTANCE  (OHMS) 

3.3442 

POLARITY 

PASS 

♦  tV  RESISTANCE  (OHNS) 

0.017154 

SiAvE  !!"f  JLEE 

PAS: 

♦  I  SHEARED  R  .OS:  •inA’IS) 

' '  s  V  - 

APPLIED  POTENTIAL  -  HUE 

PASS 

*  STRAYS 

8.89 

APPLIED  POTENTIAL  -  IhIC 

PASS 

♦  LOAD  LOSS  (WATTS) 

315. S 

in:c:ed  potential  -  coo  hi 

^’AbS 

T3TAL  LOSS  'WATTE: 

y~z 

J«'u  •  - 

NL  LOSS  SNATTSi 

19.4 

♦  7.  RESISTANCE 

l.Ci 

EXCITING  CLRPENT 

0.097 

♦  7.  REACTANCE 

c.  c? 

7.  EFFICIENCY  i  ?F=1 

9S.7 

♦  7.  IMPEDANCE 

2.44 

;;  EFFICIENCY  =?  FF=.3 

93,4 

X  REGULATION  S  PF=t 

1  "3 

RE3ULATI3N  i  -F  =  .3 


'■c-srr'p- 
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DNDITION:  AS  RECEIVED 


RATIO 

PASS 

*  HV  RESISTANCE  (OHMS! 

4.5S35 

POLARITY 

PASS 

*  LV  RESISTANCE  fOHNS) 

;'«  n  1  4  .k  1 

Full  have  IMPULSE 

PASS 

«  I  SSL'AFED  P  LOSS  :hA"*5 

?fj  w. 

APPLIED  POTENTIAL  -  KLIC 

PASS 

*  STRAYS 

10.03 

APPLIED  POTENTIAL  -  LHIC 

PASS 

*  LOAD  LOSS  ■' WATTS! 

313.3 

INDUCED  POTENTIAL  -  4-;0  «Z 

PASS 

TOTAL  LOSS  'WATTS I 

’7C  J 

NL  _2SS  ' WRITS) 

17. 1 

t  Z  RESISTANCE 

1,27 

:  ETCHING  lURPEN1 

0 . 2 1 Z 

♦  1  REACTANCE 

2.  ’ 

l  EFFICIENCY  £  PF= 1 

98.7 

♦  l  IMPEDANCE 

2.  -Ji 

J  EFFICIENCY  t  PF=.3 

96.4 

l  RESULAT ION  ?  PF=i 

[ ,  2C 

l  REGULATION  a  PF=.3  2.23 


♦  CORREl.ED  TO  35  DEGREES  0 
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APPENDIX  A. 3 


SOUND  LEVEL  TEST  REPORTS 


9257R : 8bc/ 12 


B-41 


January  29  ,  1987 


Roger  Angelo  Lucheta 
Uestinghouse  Research  Laboratory 
1310  Beulah  Road 
Pittsburgh,  PA  15Z35 


Subject:  Noise  Test  of  Transformer 

A  report  of  the  noise  evaluation  of  a  25  kVA  General  Electric 
transformer,  s/n  P217059-YZA,  is  attached.  The  evaluation  uas  performed 
by  Or.  Francis  McKendree  at  the  Uestinghouse  Churchill  Site  during  the 
period  January  27,  1987  to  January  29,  1987, 

I  have  observed  the  performance  of  the  tests  and  checked  the 
calculations  in  the  report.  I  certify  that  these  noise  measurements 
comply  with  the  applicable  provisions  ANSI/IEEE  Std.  141-1986,  NEMA 
standard  TR  1-1980,  and  ANSI/IEEE  C57.  1 2 . 90- I  980. 


Roger  Angelo  Lucheta 


B-42 


SOUND  MEASUREMENTS  OF  25  kVA 
GENERAL  ELECTRIC  TRANSFORMER 
S/N  P217059-YZA 

Francis  S.  McKendree 

Westinghouse  R&D  Center 
1310  Beulah  Road 
Pittsburgh,  PA  15235 


DESCRIPTION  OF  TEST 


Airborne  sound  pressure  levels  were  measured  in  accordance 
with  ANSI  standard  C57 . 12 . 90-1980  for  sound  measurement  of 
transformers.  The  normal  excitation  was  used,  120  V  to  each  side 
of  the  secondary,  and  10%  above  normal,  132  V  to  each  side  of  the 
secondary.  The  room  is  a  hemi -anechoic  space  located  at  the 
Westinghouse  Churchill  Site,  Building  302,  Room  102C.  The 
measurements  were  made  on  27  and  28  January  1987. 

ANSI  C57 . 12 . 90-1980  specifies  that  instrumentation  for  the 
sound  level  measurements  shall  meet  the  requirements  of  ANSI  SI.  4- 
1971  for  Type  2  meters.  The  instrumentation  used  satisfies  Type  1 
requirements  throughout.  Type  1  compliance  is  inclusive  of  Type  2 
compliance,  since  all  requirements  for  Type  1  are  more  stringent 
than  those  for  Type  2. 

Airborne  sound  pressure  levels  were  measured  at  one  foot  from 
the  transformer  case,  beginning  at  the  front  center  and  spaced  90 
degrees  apart.  The  reported  sound  pressure  levels  are  the 
averages  over  the  test  positions,  for  the  indicated  excitations. 
Narrow  band  sound  pressure  level  spectra  were  also  recorded  at 
each  test  position  and  condition. 

The  transformer  was  serial  number  P217059-YZA  of  25  kVA 
capacity.  Because  its  noise  levels  were  extraordinarily  low,  a 
second  procedure  in  the  standard  ANSI  C57 . 12 . 90-1980,  regarding 
the  use  of  narrow  band  spectral  measurements,  was  also  employed  to 
give  a  better  approximation  of  the  actual  sound  pressure  levels 
emitted  by  the  transformer. 

EQUIPMENT  USED 

The  equipment  used  for  these  measurements  is  listed  below: 


Manufacturer 

Mode  1 

Ser i a  1 

Descr i pt i on/Notes 

B&K 

4220 

1164904 

pistonphone,  124.1  dB 
nominal,  NBS  traceable 

B&K 

4145 

819114 

microphone,  1  inch 

B&K 

2613 

226513 

mic  preamp 

B&K 

2603 

9A6253 

measuring  amplifier 

Gen  Rad 

1925 

181228 

1/3  octave  multifilter 

DEC 

11/24 

AG02930 

laboratory  computer  system 
with  A/D 

IW<4 


One-third  octave  band  spectra  were  measured  at  each  test 
position  for  no  excitation,  120  V,  and  132  V  excitation.  The 
spectra  were  summed  on  a  true  power  basis  in  accordance  with  the 
applicable  standard.  The  A-weighted  levels  reported  for  the 
transformers  were  derived  from  the  spectra.  The  spectra  and 
derived,  arithmetically-averaged  A-weighted  levels,  are  listed  in 
Table  1 . 


n-4r> 


TABLE  1 


One-third  Octave  Bands  and  A-weighted 
on  Transformer  P217059-YZA  Under  Vari 


BAND 

AMBIENT 

120  V 

50 

36.8 

36.6 

63 

41.2 

40.9 

80 

34.7 

34.5 

100 

31.4 

33.4 

125 

29.7 

35.6 

160 

26.6 

27.2 

200 

24.2 

24.8 

250 

22.4 

27.8 

315 

20.8 

24.2 

400 

19.9 

25.4 

500 

19.0 

23.2 

630 

18.7 

22.4 

c 

800 

19.2 

20.6 

1000 

18.6 

19.8 

1250 

18.4 

18.9 

1600 

18.6 

19.1 

2000 

19.3 

19.6 

2500 

19.7 

20.1 

3150 

20.4 

20.6 

4000 

20.8 

21.3 

5000 

21  .0 

21.2 

dB(A) 

32.4 

34.0 

Levels  Measured 
ous  Excitations 

132  V 

36.0 

40.7 

34.1 

33.6 
39.4 

27.2 
25.0 

28.3 
26.2 

29.2 

33.8 

34.4 

26.8 

23.8 

22.6 

20.8 

20.2 

20.4 

20.9 

21.9 

21.6 

38.6 


ANSI  standard  C5/ . 12 . 90-1980  specifies  procedures  which  are  to 
be  used  if  the  ambient  level  measured  in  a  given  band,  or  with  a 
given  weighting,  are  within  10  dB  of  the  combined  ambient  and 
transformer  sound  levels.  For  the  ambient  between  5  and  10  dB 
below  the  combined  level,  a  correction  is  allowed  to  produce  a 
reportable  sound  level  for  the  transformer.  If  the  ambient  is 
within  5  dB  of  the  combined  level,  the  level  must  be  reported  as  : 
level  which  the  tested  unit  "does  not  exceed”. 

The  A-weighted  ambient  level  was  32.6  dB  before  the  tests  and 
32.3  dB  after  the  tests,  for  an  average  of  32.4  dB.  The  average 
A-weighted  level  was  34.0  dB  with  120  V  excitation,  and  38.6  dB 
with  132  V  excitation  to  each  side  of  the  transformer  secondary. 

Since  the  ambient  level  is  within  5  dB  of  the  combined  level 
with  120  V  excitation,  the  A-weighed  average  is  reduced  by  1.6  dB, 
and  the  net  level  is  reported  as  the  level  which  the  transformer 
does  not  exceed: 

"In  accordance  with  ANSI  C57 . 12 . 90-1980,  the  A-weighed  sound 
level  of  transformer  P217059-YZA,  when  excited  with  120  V, 
does  not  exceed  32.4  dB(A)." 

The  average  A-weighted  sound  pressure  level  when  the 
transformer  is  driven  with  132  V  is  between  5  and  10  dB  above  the 
ambient.  Reference  to  the  standard  indicates  a  correction  of  1.3 
dB  is  appropriate,  and  the  net  level  shall  be  reported  as  th^. 
sound  levei  of  the  transformer: 


"In  accordance  with  ANSI  C57 . 12 . 90-1980  except  with  regard  to 
the  excitation  voitage,,  transformer  P217059-YZA,  when  excited 
with  132  V  to  each  side  f  the  secondary,  produces  an  average 
A-weighted  sound  level  of  37.3  dB(A)." 
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ANSI  C57 . 12 . 90-1980  permits  measurements  of  narrow  band  tonal 
components.  As  the  ambient  noise  is  relatively  broad  band,  a 
better  s i gna I -to-no i se  ratio  can  be  obtained  with  narrow  band 
measurements.  When  the  tone  levels  of  a  t-ansformer  are  to  be 
measured,  the  even  harmonics  of  the  line  frequency  are  to  be 
measured  up  to  and  including  the  seventh.  For  the  unit  under 
test,  these  are  120,  240,  360,  480,  500,  720,  and  840  Hz.  The 
tone  levels  are  to  be  averaged  over  the  specified  positions  on  a 
true  power  basis.  The  tones  may  be  A,  C,  or  linearly  weighted, 
and  may  be  summed  on  a  true  power  basis  to  give  the  average  sojnd 
level  for  the  chosen  weighting. 

In  ANSI  Si. 4-1971,  a  "sound  pressure  level"  is  defined  as  "20 
times  the  logarithm  to  the  base  10  of  the  ratio  of  the  pressure  of 
a  sound  to  the  reference  pressure",  and  a  "sound  'evel"  is  defined 
as  "Weighted  sound  pressure  level  measured  by  the  use  of  a 
metering  character i st i c  and  weighting  A,  R,  or  C  as  specified  in 
this  standard".  The  A-weighting,  originally  developed  as  an 
approximation  to  the  F I etcher-Munson  40  phon  curve  and  specified 
as  a  set  of  time  constants  for  an  electrical  filter  network,  is  in 
ANSI  Si  4-1971  defined  at  discrete  frequencies  cor respond i ng  to 
the  center  frequencies  of  the  preferred  1/3  octave  bands  from  10 
to  20.000  Hz. 

The  author  uses  a  quadratic  interpolation  between  the  entries 
of  this  uable  to  derive  an  ,  ighting  coefficient  for  a  tonal 
noise  at  a  frequency  not  equal  to  one  of  the  preferred  1/3  octave 
band  centers.  The  error  which  may  be  introduced  by  this  procedure 
;s  far  less  than  the  tolerances  which  are  permitted  or  a  Class  1 
implementation  of  the  A-weighting  network  itself. 

Narrow  band  spectra  were  measured  on  a  1  kHz  frequency  range 
with  400  lines  of  resolution,  and  the  tone  levels  of  the  first 
seven  harmonics  of  120  Hz  were  measured.  The  tone  levels  are 
presented  in  Table  2. 
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TABLE  2 


Tone  Levels  of  Tw i ce- I i ne-f requency  Harmonics 


FREQUENCY 

AMBIENT 

120  V 

132  V 

120 

23.6 

35.7 

39.9 

240 

12.4 

r^- 

CM 

29.2 

j~{sTTf  J/] 

360 

6.4 

24.8 

31.0 

/  w f/v  L 

480 

2.6 

21.3 

34.3 

600 

2.0 

17.6 

31.0 

720 

1.7 

'3.9 

25.4 

840 

2.2 

6.3 

20  6 

All  of  tne  tone  levels,  which  were  measured  with  an  effective 
bandwidth  of  3.2  Hz,  were  more  tnan  10  dB  above  the  ambient, 
except  for  840  Hz  with  120  V  excitation.  This  level  was 
originally  7.6  dB,  which  is  5.2  dB  above  the  ambient.  In 
accordance  with  the  ANSI  standard  procedure,  the  measured  level 
has  been  reduced  1 . 3  dB  and  is  reported  as  6.3  dB . 

Copies  of  1  kHz  and  2  kHz  bandwidth  spectral  plots,  for 
ambient  and  energized  conditions  at  the  front  center  of  the 
transformer,  are  included  with  this  report.  It  is  evident  that 
the  tone  levels  can  be  reliably  measured,  since  they  are  clearly 
above  the  ambient  levels. 

Table  3  shows  the  results  of  applying  the  A  weighting  to  the 
first  seven  harmonics  of  the  double  line  frequency.  The  A 
weighting  values  shown  are  derived  from  a  quadratic  interpolation 
from  the  tabulated  A-weighting  response  curve  in  ANSI  Si. 4-1971 
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TABLE  3 


A-weignting  and  A-weighted  Tone  Levels 


Frequency 

A-We i qht 

120  V 

132  V 

120 

-16.6 

19.1 

23.3 

240 

-  9.0 

18.7 

20.2 

360 

-  5.6 

19.2 

25.4 

ft,. 

480 

-  3.5 

17.8 

30.8 

]7 

600 

-  2.2 

15.4 

28.8 

720 

-  1.3 

12.6 

24.1 

7  , 

■ 

840 

-  0.6 

5.7 

20.0 

dB(A)  sum 

25.5 

34.7 

Examination  of  the  2  kHz  spectral  plots  confirms  that  the  first 
seven  harmonics  of  twice  the  line  frequency  contain  almost  all  of 
the  sound  energy,  even  after  the  A  weighting  is  taken  into 
account.  The  tone  level  and  band  levels  may  be  compared  as  shown 
below  ' n  Table  4 , 


TABLE  4 


Comparison  of  Tone  and  Band  Levels  at  Selected  Frequencies 


Cond i t i on 

120  Hz 
Tone 

125  Hz 

Band 

240  Hz 
Tone 

250  Hz 
Band 

Amb i ent 

23.6 

29.7 

12.4 

22.4 

120  Volt 

35.7 

35.6 

27.7 

27.8 

132  Volt 

39.9 

39.4 

29.2 

28.3 

The  tone  and  band  levels  are  quite  comparable  for  the 
energized  conditions,  since  in  these  bands  the  only  significant 
component  is  the  tone  from  the  transformer.  Under  ambient 
conditions,  the  noise  is  relatively  broad-band,  so  the  tone  level 
at  a  discrete  frequency  is  considerably  lower  than  the  band  level, 
which  encompasses  a  range  of  frequencies. 

The  band  levels  above  840  Hz  are  dominated  by  the  ambient 
noise,  even  with  the  transformer  energized.  The  ANSI  procedure 
for  adjustment  due  to  ambient  noise  is  limited  to  1.6  dB,  which  is 
inadequate  to  deal  with  noise  levels  as  close  to  the  ambient  as 
those  documented  in  this  report.  Section  13.5.4  reads: 

"13.5.4  If  ambient  conditions  necessitate,  the  sound  level 
may  be  measured  using  discrete  frequency  components  (see 
13.6.4.)" 

The  sum  of  the  levels  of  the  first  seven  harmonics  is  25.5  dB(A) 
for  the  120  V  excitation,  and  34.7  dB(A)  for  the  132  V  excitation. 
It  will  be  recalled  that  the  ANSI  standard  method  applied  to  the 


A-weighted  measurements  gave  a  result  of  "not  exceeding  32 .4 
dB(A)"  for  120  V  and  of  37.3  dB(A)  with  132  V  excitation.  It  is 
the  opinion  of  the  author  that  the  A-weighted  results,  though  they 
have  been  corrected  in  accordance  with  the  ANSI  standard,  still 
have  resulted  in  an  overestimate  of  the  actual  transformer  levels 

"In  accordance  w i tit  the  Optional  Frequency  Analysis  Procedure 
which  described  in  section  13.6  of  ANSI  standard  C57.12.90- 
-1980,  the  sound  level  of  transformer  P217059-YZA  on  ■one 
A-weighting  scale  is  25.5  dB(A)  at  120  Volts  excitation  to 
each  side  of  the  secondary,  and  34.7  dB(A)  with  132  Volts 
excitation  to  each  side  of  the  secondary." 
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Bruet  &  Kjder  Time  Function  Stail  seconds  End  set. ends  Not  Expanded  Expanded 


ommenlh 


Bruel&Kiaer  Tune  Function  Start  seconds  Find  seconds  Not  Expanded  Expanded 
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McGRAW-EDISON 
POWER  SYSTEMS 


Mr.  Dorman  Whitley 
Westinghouse  Electric  Corporation 
Newton  Bridge  Road 
Athens,  GA  30613 


January  16,  1987 


Subject:  Distribution  Transformer  Test  Report 


Dear  Dorman, 

Enclosed  is  the  test  report  covering  the  Short  Circuit  test  on  one 
General  Electric™  Distribution  Transformer.  The  tests  were 
performed  on  January  16,  1987  at  the  McGraw-Edison  Technical 
Center  In  Franksvllle,  WI. 

McGraw-Edisons'  or  Cooper  Industries'  company  name  may  be  used 
In  promotional  literature  only  If  written  permission  Is  received  for 
each  complete  copy  of  promotional  material  received. 

It  was  a  pleasure  testing  for  you  Dorman  and  we  look  forward  to 
seeing  you  in  the  future. 


Sincerely, 

Ross  Daharsh 

Manager,  Power  Test  Laboratories 

11131  Adams  Road 
P0  Box  100 
Franksville.  WI  53126 
4141835-2921 
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SHORT  CIRCUIT  TESTS  ON 

ONE  GENERAL  ELECTRIC”1  DISTRIBUTION  TRANSFORMER 


Performed  By: 

McGraw-Edison  Power  Testing  Laboratories 
McGraw-Edison  Company 
Division  of  Cooper  Industries 
11131  Adams  Road 
Franksville,  Wl  53126 


Test  Date:  January  16,  1987 


TECHNICAL  CENTER 

11131  Adams  Road 
PO  Box  100 
Franksville.  Wl  53126 
414'835-2921 
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1NTRQR-UCIIQM; 

The  test  program  consisted  of  a  standard  ANSI  C57. 12. 90-1980  Short 
Circuit  Test  Series  on  one  General  Electric™  25  KVA  Transformer, 
Serial  Number  P217059  YZA.  This  transformer  had  a  Primary 
Voltage  of  4160/7200  WYE  and  a  Secondary  Voltage  of  120/240.  The 
nameplate  impedance  was  2.51  %  at  85°  C.  The  test  program  was 
performed  at  the  McGraw-Edison  Technical  Center  in  Franksville, 

WI  under  the  direction  of  Mr.  Dorman  Whitley  from  the 
Westinghouse  Electric  Corporation.  The  test  was  performed  on 
January  16,  1987. 


PROCEDURE; 

The  transformer  was  impedance  checked  before,  during  and  after 
the  Short  Circuit  Tests  using  the  classical  E/I  method.  5  Amperes  of 
current  was  circulated  in  the  secondary  winding  with  the  primary 
open  circuited.  The  resulting  secondary  voltage  was  recorded.  The 
current  was  metered  with  a  Weston  Ammeter,  Model  Number  370, 
Serial  Number  6911.  The  voltage  was  monitered  with  a  Fluke 
digital  voltmeter  Model  8000 A,  Serial  Number  30437. 

The  test  program  was  started  with  a  magnetizing  inrush  current 
test  shot  followed  by  a  reduced  voltage  check  shot  to  verify 
impedances  and  metering.  This  was  followed  by  the  6  ANSI  test 
shots;  3  symmetric,  3  asymmetric;  15  cycles  in  length  except  for 
the  long  time  shot  required  for  heating.  This  shot  was  a  minimum 
of  47  cycles  in  length.  The  impedance  was  checked  after  each  test 
shot.  The  short  circuit  test  data  was  recorded  on  a  Honeywell 
Model  1912  Magnetic  oscillograph.  All  recorded  data  has  a 
laboratory  accuracy  of  ±32. 


RESULTS; 

The  original  data  sheets  and  oscillograms  from  the  test  program 
are  included  in  the  report  Appendix. 

The  transformer  passed  the  test  program  with  a  impedance  change 
of  5.752. 

TECHNICAL  CENTER 

11131  Adams  Road 
PO  Box  100 
Franksville.  WI  53126 
414/835-2921 
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BY 

WESTINGHOUSE  ELECTRIC  CORPORATION 

Short  Circuit  Tests  on  a  25  KVA 
General  Electric™  Distribution  Transformer 

Serial  Number  P2 1 7059  YZA 

This  is  to  certify  that  the  above  transformer  was  tested  at  the  McGraw- 
Edlson  Thomas  A.  Edison  Technical  Center  on  January  16,  1987  In 
accordance  with  ANSI  Standard  C57. 1 2.90- 1 980. 

All  data  recorded  and  presented  has  a  laboratory  accuracy  of  ±3%. 

REFERENCE  OSCILLOGRAMS 

87C337  -  87C345 

The  total  impedance  change  was  5.75%  after  the  completion  of  the  6  test 

shots. 

By  the  performance  of  these  tests  McGraw-Edison  does  not  recommend  or 
endorse  the  use  or  application  of  the  products,  devices  or  systems  tested. 

Ross  S.  Daharsh 

Manager,  Power  Test  Laboratories 


TECHNICAL  CENTER 

11131  Adams  Road 
PO  Box  100 
Franksville.  Wl  53126 
414/835-2921 
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APPOADiX 

1.  Original  Film  Data  Sheet 

2.  Calibration  Sheet 

3.  Original  Oscillograms 
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THIS  UNIT  IS  SERIAL  NO.  0001 

IT  IS  A  25  KUA  RATED  4. IS  KU  AND  S.009G2  AMPS 
IT  IS  A  CATEGORY  1  TRANSFORMER 
SHORT  CIRCUIT  IMPEDANCE  IS  15.72S  OHMS 
<  S. 78217  + J  h  14.1906  > 

7.12=  2.2721  7.IX=  2.05  7.IR=  .379765 

40  TIMES  RATED  I  IS  240.385  AMPS 
LONG  TIME  TEST  IS  46.25  CYCLES 
MAXIMUM  IMPEDANCE  CHANGE  IS  11.1395  PERCENT 
'K'  FACTOR  . PK  ASYM/RMS  SYM>  IS  1.76602 
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CONDITION:  'OLLuWINb  SHORT  CIRCUIT.  jOUND  lEVEL.  AND  &!» 


E  T  i  L  E :  G.E.  151  'A  AKOFPHOUS  MET  ml  FCLE  T  i  PE 


Hv:  4 ; o j ;  "5i *  3IL  sERInt  4:-. 


*  H  V  P£3 1  STANCE  iCHNS 1 


POLAR  I TV 


P'.’L..  tiAvE  INPE'lEE 


APPLIES  PDTENTIAL  -  R 


♦  Lv  RESISTANCE  'OHMS;  0. 013^4 


AFPt'ED  POTENTIAL  -  lHIC  PA53 


INDUCED  POTENT’"  -  4(">  HI  PASO 


’(L  _  j33  *hT  !  3  i 


\  E»'C •&  CLFPENT 


",  EFFICIENCY  *  TP-1 


EFFICIENCt  *  PF=.5 


*  1  ECUAFED  F  LOSS  ■ JA T 


*  3  /  ,*  A  !  S 


*  LOAD  LOSS  WATTS' 


OT*il  LOSS  ■  wATT 3 . 


*  ’A  FtaiStANLc 


*  PEACTmNCE 


-  IHFEDANCE 


RESULATIGN  i  PF=i 


FE-SulATICN  <  FF-,1 


ENGINES 


♦  CORRECTED  TO  S5  DE  SR  EE  3 


uP EGG  V. *j^QHE 3 
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figure  A. /.LA.  Reduced  Lull  Wave  -  Bushing  L 


Figure  A. /.IB.  Reduced  Full  Wave  -  Bushing  2 
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Figure  A./.5A.  Front  of  Wave  -  figure  A./.5B.  Front  of  Wave  - 

Hushing  l  Bustling  2 


I  iyuro  A . / . AA .  lull  Wave  - 
Bustling  I 


f  iyure  A./.AB.  lull  Wave  - 
Bustling  2 
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jjEST I fjGHDUSE  DTD  COMMERCIAL  'EST  REPORT 


DATE: 01/ 10/57 


CONDITION:  FOLLOWING  FOUR  HOUR  SHAKE 


8.E.  25k', 'A  AMORPHOUS  METAL  POLE  TYPE  FOR 


IV:  120/240  tiV:  4 1  oO;  75k  V  3IL  SERIAL  #: P21  7059-YIh 


RATIO  PASS 

POLARITY  PASS 

FULL  WAVE  IMPULSE  PASS 

APPLIED  POTENTIAL  -  HLIC  PASS 

APPLIED  POTENTIAL  -  LHIC  PASS 


INDUCED  POTENTIAL  -  400  HZ  PASS 


NL  LOSS  iWATTS/  IP. 2 

'2  EXCITING  CURRENT  •>. OcsS 

7  EFFICIENCY  8  FF-1  9S.7 

7  EFFICIENCY  i  PF=. 3  98.3 


*  HV  RESISTANCE  iOHMS)  4.o32 

*  LV  RESISTANCE  (OHMS)  0.01344 

*  I  SQUARED  R  LOSS  /WAT'S)  313.2 

*  STRAYS  3.5 

*  LOAD  LOSS  (WATTS/  317.0 

TOTAL  LOSS  iWATTS)  335.2 

*  7  RESISTANCE  1.27 


♦  I  REACTANCE 


*  7  IMPEDANCE  2.50 


7.  REGULATION  *  PF=1  1. 1’ 


1  REGULATION  ?  PF=.8  2.71 

♦  CORRECTED  TO  35  DEGREES  C 
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Kl.l'KiiDliCl.l)  AT  (50VKKNMKNT  K.XIT'.NSK 


TOP  C 

:  T  r  -N’D"  r~p: 

ATARI-:  S';- 

DILI  ZED  A 

T  ’■  !  "T.~ 

[  'r-' 

r.  pj-ifii 

riFTAL  TP 

.is  K  j  Q  p  f"  iv  M  cr  p 

P2 1  70  -  1  - 

■/.  RATED 

LUY 

Pi  u Y 

RMS 

V 

QLTS 

VOLTS 

VOLTS 

CURRENT 

CURRENT 

WATTS 

20 .  O 

16.7 

20  u  4 

(J «  0<h0 

•"j  _  00*5 

i  .  i 

?  •  i‘. 

5 O  .  0 

6r‘ .  1 

(''-<77.  /_ 

f't  _  '  i 

•-  . 

Q,'_,  _ 

^ 

,  0 

•  > .  i  1  3 

(  i  i  , 

P  .  -1 

Qn  b  m 

-ver  t“» 

9 0»  ^  o 

’■  .027 

0  ^  OF 

i  9  h  2 

1  0  0  .  o 

•“'*7  ^  T( 

1A0.  1 

0.  153 

j  j  b  (’)A 

1  2 . 5 

1  A  ,  ' 

9  1 . 7 

i  1  0  •  0 

0 . 2 1 0 

0 .  09 

1  -3  «  ..  ‘ 

i  20 .  0 

1 00 . 0 

120.0 

0.  378 

0.  18 

■*.  77' 

1  25 .  0 

1 04 . 2 

125.  1 

0 . 57  1 

(“>  m  29 

20  b  p 

1 3  0 ,  O 

108.3 

130.  1 

0. 957 

0 . 50 

27 »  ^ 

1  35 .  0 

112.5 

133. 0 

1 . 848 

1 . 00 

25 . 4 

rii.'Lir.  f-i. 


NO- LOAD  L 0 


SAT  Ur. AT  I  DM  DATA  . 


agp  top  o: 


"EMPEEA7UEE  STABILIZED  AT  4 1C 


TER  L 


AT  50 

■/.  of 

NAMEPLATE 

RATING. 

AMGRP 

HOJJS 

METAL  TRANSFORMER 

P2 1 70S t  — 

*  Z  <■-  - 

\  RATED 

“  j  :  [ 

Y 

r  i  1  j  Y 

PMC 

v 

'  .■*  ’  ' 

TS 

•  'C1LT5 

VQi.TS 

r;  ipp’PMT 

COPRE^17' 

V,  ,  ’*  T 

o  #  0 

1.  6 . 7 

2  o .  5 

0 .  038 

i  j  „ 

i . 

4 

-r  9  ~T 

4'  ■ .  3 

r  .  080 

/“•  s  f  ">  i 

T  1 

f, 

‘  a  o 

50 _  fj 

A  »*» .  2 

1.1 9  A1 

L  1  .  f">  2 

cr 

3 

±>±, .  7 

80 . 0 

0 .  i.  1  o 

f>4 

9  w 

* 

r»  f'> 

75 .  O 

90,  1 

0.  126 

0- 

1  ■*’  «  f  1 

1  'j 

0 . 0 

3  P 

1  00 . 0 

0.  152 

0  -  0  6 

i  7 .  " 

1  1 

0 . 0 

91-7 

1  1  0 . 0 

0 .217 

O  „  1  o 

12 

o .  0 

1  OO  -  O 

120.  1 

0.  404 

0  -  1  9 

1  p  .  4 

12 

F  -  0 

104. 2 

i  25 . 0 

(  ■ .  636 

0.  32 

n,-(  -7 *■ 

13 

o  M  0 

1  OS .  3 

1  29 . 9 

1.111 

0.  F3 

— \  —•  rjr 

i  — 

r  "  .  (  '• 

i  i  ”■ .  =; 

1  70 .  1 

2 . 4 1  S 

1-71 

_r.  ^ 

B- 102 


‘r  E  A.  ■  1 

—  ND-LOAf  1  n~‘-  FF,~:  !FAT  THN  n.AT  *i . 

FOR  TOP  01 

L  T  E  M  p  E  R  A  T  i i  j  p  E  9 I  A  &  TLIZ  E  0  A  6  .  .  9  Z 

;.".P  ” 

AT  1007.  OF 

NAMEPLATE  RATING. 

AMORPHOUS 

METAL  TRANSFORMER  P217061-YZA. 

FLUX 

VOLTS 

7.  RATED 
FLUX 
VOLTS 

RMS 

VOLTS 

CURRENT 

V 

CURRENT 

WATT- 

20. 0 

16.  ^ 

20 . 4 

0  .  f  'A  7 

O  _  00  n 

A 

l  . 

-'J  0 .  0 

“*■  "T  *7 

4  0 .  1 

m  _  r-.  7  *=■: 

(~l  w  f~  1  * 

60.  O 

cr*f‘- „  0 

-.ft  _ 

m  _ 

IT 

so.  0 

,L\  A  7 

00.  1 

o. 

r.  m  r."r 

7  ... 

Ci  )  _  i'i 

"7  '"> 

90.  1 

0.  1  23 

0  „  04 

Q 

1  00 . 0 

S3. 3 

1 00 . 0 

0.  152 

("/  (  * 

1  1 

1  1  0 .  0 

91.7 

no.  i 

0. 22 e 

0.  10 

1  4  . 

1  20.0 

1 00 . 0 

119.  9 

0.  46 3 

0  o  o 

13. 

125.0 

1  04 . 2 

125.1 

0.  773 

0.  39 

19. 

1 30 . 0 

103 . 3 

130.  1 

1 . 459 

0. 76 

135.0 

112.5 

135.6 

4.735 

2. 60 

r>  /_ 

TABLE  A.  11.4  NO-LOAD  LOSS  SATURATION  DATA. 

FOR  TOP  OIL  TEMPERATURE  STABILIZED  AT  10 60  AFTER  L OA 
AT  1507.  OF  NAMEPLATE  RATING. 

AMORPHOUS  METAL  TRANSFORMER  P21706 1-Y7A 


7.  RATED 

FLUX  FLUX  PMS 


VOLTS 

VOLTS 

OLTS 

CURRENT 

CURRENT 

20. 

16.7 

2 .  7 

0 . 06 1 

0  -  005 

1  . 

40 . 0 

27  3 

40.  2 

0.0^4 

0 .  0 1 

60.  0 

50.  0 

60.  0 

O  .  :  ‘8 6 

o .  or 

30. 0 

66. 7 

30.  1 

0  .  1  0  6 

0 ..  0  7 

90'.  Q 

75.0 

90 . 0 

O  .  1  2  4 

.  O-i 

9  . 

i  oo .  o 

S3.  3 

100.  1 

f-j  m  1  6*  1 

M  _  oa 

‘  1  . 

110. 0 

91.7 

109.8 

0.  263 

0 .  1  2 

i  j. 

120.  0 

1  00 . 0 

120. 0 

0.654 

0 .  3  1 

m 

1  25 . 0 

104.2 

1  25 .  0 

i :  2 1 3 

0 .  6  .1 

i  cl 

1  30 . 0 

1  03 . 3 

1  30.  2 

3 . 537 

1.34 

*■  _'T 

1  35. 0 

1  1  2 . 5 

139.6 

8 . 956 

5 . O'"' 

~T‘  '  - 

rnr.c,FCTr_ 

'D  ACCORDING 

to  or 

C  T  ^  '7  j  -> 

O.'l  -  10  0:1 

7-rr  . 

B-103 


TABLE  A ..  1  1 . 5  N  C-LO  A  0  LOSE  EAT  ij  R  A  TIG j  n  .e.  y  a  _ 

FOR  TOP  GIL  TEMPERATURE  STABILIZED  AT  27.70  WITH  NG-L n<*F.  . 
STANDARD  SILICON  STEEL  TRANSFORMER  P2392 1 6- YOB . 


FLUX 

7.  RATED 
FLUX 

RMS 

VOLTS 

VOLTS 

VOLTS 

20 . 0 

16.7 

20 .  4 

4  0 .  0 

33 .  3 

40.  1 

60 . 0 

50 . 0 

60. 0 

30 .  0 

66.7 

30. 0 

90 . 0 

75.  0 

90.  1 

1 00 . 0 

33.3 

99. 9 

110. 0 

91 . 7 

109.9 

1 20 . 0 

100. 0 

120. 0 

125.0 

v  04 . 2 

125.2 

130. 0 

1 08 . 3 

131.0 

132.0 

110. 0 

133.9 

■/. 


CURRENT 

CURRENT 

WATTS 

0.  1  97 

0 .016 

2  -  9 

0.242 

0.  04 

~7 

0.  299 

0 .  O  7 

15.3 

0.361 

0.  12 

-^cr  trr 
xi  _J  . 

0 . 402 

0.  14 

31.o 

0. 463 

0.  19 

3Q .  ^ 

0.618 

0.  27 

/ig  *7 

r  1  m  / 

1 . 829 

0 . 88 

68.  8 

4.447 

92.6 

7.611 

3.99 

1 38 . 6 

8 . 537 

4.57 

163.8 

TABLE  A. 11.6  NO-LOAD  LOSS  SATURATION  DATA. 

FOR  TOP  OIL  TEMPERATURE  STABILIZED  AT  47. 8C  AFTER  LOADING 
AT  507.  OF  NAMEPLATE  RATING. 

STANDARD  SILICON  STEEL  TRANSFORMER  P23921S-VQB. 


7.  RATED 


FLUX 

VOLTS 

FLUX 

VOLTS 

RMS 

VOLTS  Cl 

L'RRENT 

V 

CURRENT 

WATTS 

20 . 0 

16.7 

20.3 

0.  179 

0  .  d>  1  5 

r7‘  L. 
/.  ■ 

40 . 0 

•  O 

40.3 

0.243 

0.  d>4 

7  p 

60 . 0 

5d> .  0 

60.  2 

0 . 3d>d> 

0 .  07 

15.2 

80 .  0 

66.7 

80. 0 

0.  353 

0.11 

24.  9 

90 . 0 

75. 0 

90.  1 

0.  399 

0.  14 

3 1 . 0 

1 00 .  0 

83.3 

1 00 . 0 

0.  458 

0.18 

38.  4 

1KD.  0 

91.7 

110.  1 

0.  623 

d).  27 

48.  S 

1 2d) .  0 

1 00 . 0 

120.1 

1 . 979 

0.  95 

68 . 5 

125.  0 

104.2 

125.3 

4 . 850 

2.  43 

83 . 2 

1  3d) .  0 

108.3 

131.1 

7 .  705 

4. 08 

139.1 

1 32 . 0 

1 1  d> .  o 

134.7 

8.892 

4.79 

166. 6 

CORRECTED 

ACCORDING  TO  ANSI 

C57. 12. 

9d>  -  1980 

SEC.  8 

B-104 


co  in 


FOR  TOP  OIL  TEMPERATURE  STABILIZED  AT  AFTER  LCACN'G 

AT  1 0014  OF  NAMEPLATE  RATING. 

STANDARD  SILICON  STEEL  TRANSFORMER  P2392 1 6-YCB . 


7.  RATED 

FLUX 

FLUX 

RMS 

7. 

VOLTS 

VOLTS 

VOLTS 

CURRENT 

CURRENT 

WATTS 

20  -  0 

16.7 

20.  4 

0  .172 

O.  01  4 

- 

40. 0 

37  7 

40 . 2 

0.  230 

0 . 0  4 

"7  0 

6  0 .  0 

50 . 0 

60.2 

0. 289 

0 . 0  7 

14.6 

SO.  0 

66.  7 

80 . 2 

0 . 350 

0 .  1  1 

24. 2 

9  0 .  <7 

75.0 

89 . 9 

0 .  392 

0.  14 

7 

100 . 0 

83.3 

1 00 . 0 

0.  453 

0.  IS 

7  T  “T 

110.  0 

91.7 

1  1 0 .  1 

0. 629 

0 . 28 

47 . 7 

1 20 . 0 

1 00 . 0 

1 20 .  1 

2.  096 

1 . 0 1 

67 . 3 

125.0 

104.2 

125.1 

5.280 

2.64 

93.  4 

130 . 0 

108. 3 

130.8 

7 . 900 

4.13 

147.  0 

1  32 . 0 

1  1  0 . 0 

134.3 

9 .  023 

4 . 85 

17  a  .  A 

TABLE  A. 11.3  NO-LOAD  LOSS  SATURATION  DATA. 

FOR  TOP  OIL  TEMPERATURE  STABILIZED  AT  123C  AFTEP  LOAD  IN 
AT  1507.  OF  NAMEPLATE  RATING. 

STANDARD  SILICON  STEEL  TRANSFORMER  P239216-Y0B 


7.  RATED 


FLUX 

-LUX 

RMS 

VOLTS 

VOLTS 

VOLTS  C 

JRPENT 

CURRENT 

NOTTS 

20 . 0 

16.7 

20.3 

0.  156 

0 .  0  1 7 

3. 2 

40 . 0 

33  3 

40.  1 

0 .218 

0 . 0  7 

O  -  - 

60 . 0 

5  0 .  0 

60.  1 

0.  277 

M  B  m7 

1  7 . 9 

80.  0 

66.7 

80.  1 

0.  340 

0.  1  1 

33  er 

90 . 0 

75.0 

90.  1 

0.382 

0 .  1  4 

29 . 5 

1 00 . 0 

33.7 

1 00 . 0 

0.  450 

0 .  1  8 

36.7 

110. 0 

91.7 

110. 0 

0.649 

0.  29 

46. 5 

1  20. 0 

1 00 . 0 

1  20 .  1 

2.  494 

{  .  710 

66.  S 

1  25.0 

104. 2 

1  25.  2 

6. 322 

3.17 

94. 9 

i  30 . 0 

1  08 . 3 

1  3 1 . 3 

8.51  -1 

4 .  4  7 

157.2 

131.2 

1 09 . 3 

134.7 

o  m  4  7  q 

3.11 

i  7  4  _ 

corrected 

ACTOR! 

'•TNG  TO  ANSI 

C  5  .  12 

O.  .  —  l  90(1 

SEC.  S 

B- 105 


SATURATION  CURVES - WATTS 

AMORPHOUS  METAL  UNIT  P217061-YZA 


(S.L1VM)  SSOT  OVOl-ON 

B-106 

□ 


A 


PERCENT  RATED  VOLTAGE 

NO-LOAD  +  50%  LOAD  O  100%  LOAD  A  150%  LOAD 


SATURATION  CURVES - WATTS 

STD  SIUCON  STEEL  UNIT  P2392 16-YOB 


PERCENT  RATED  VOLTAGE 

NO-LOAD  +  50%  LOAD  O  100%  LOAD  A  150%  LOAD 


SATURATION  CURVES - %  EXCITING  CURRENT 

STD  SILICON  STEEL  UNIT  P23921 6-YOB 


m  "t  n  cm  o 


±N3aano  oniiiox3  % 


B-109 


0 


PERCENT  RATED  VOLTAGE 

NO-LOAD  +  50%  LOAD  O  100%  LOAD  A  150%  LOAD 


♦♦ft***************  *****  4*4***  **4*****f  +  4 


B-110 


REGULATION  (MEASURED  &  CALCULATED) 


Nouvnnoay  ±N3oa3d 


R  - 1 1  1 


PERCENT  LOAD 

POWER  FACTOR  =  1  +  POWER  FACTOR  =.8LAG 


%  REGULATION  (MEASURED  &  CALCULATED) 


B-  112 


PERCENT  LOAD 

POWER  FACTOR  =  1  +  POWER  FACTOR  =.8LAG 


'ABLE  A. 11.11  PERCENT  EFFICIENCY  -  MEASURED  Jt  CALCULATED  VALUES 
FOR  AMORPHOUS  METAL  TRANSFORMER  F217061-YZA 


"  MEASURED  VALUES  “  CALCULATED  FROM  COMMERCIAL 
(SEE  NOTE)  TEST  REPORT  (APPENDIX  A.  Hi 

♦**♦****.**+«****♦  ♦***♦*»♦*****♦**♦****♦**.*♦♦ 
LOAD  LOSS  7.  NO-LOAD  LOSS  7.  EFFICIENCY  l  EFFICIENCY  l  EFFICIENCY  l  EFFICIENCY 


l  LOAD 

(WATTS) 

■WATTS) 

PF  =  1 

PF  =  .8  LA6 

PF  -  1  PF  -  .8  LA6 

50 

69.5 

18.4 

99.65 

99.56 

100 

311.4 

18.0 

98.70 

98.38 

98.7  *8.3 

150 

305.0 

17.7 

96.38 

96.13 

TABLE  A. 11.12  PERCENT  EFFICIENCY  -  MEASURED  h  CALCULATED  VALUES 
FOR  STANDARD  SILICON  STEEL  TRANSFORMER  P239216-rOB 


"  MEASURED  VALUES  *  CALCULATED  FROM  COMMERCIAL 
(SEE  NOTE)  TEST  REPORT  (APPENDIX  A. 11) 


*«»**«*****♦*♦**♦*  t**»*t*«*«t**4t***m***m* 


LOAD  LOSS 

7.  NO-LOAD 

i  OSS 

3  EFFICIENCY 

X  EFFICIENCY 

7.  EFFICIENCY 

X  EFFICIENCY 

LOAD 

f WH 1 1 3 ! 

(WATTS) 

PF  =  1 

FF  =  .8  LAS 

PF  =  1 

PF  =  .8  LAS 

50 

102.0 

io 

CO 

-o 

*9.32 

99.15 

100 

452.3 

. 3 

*7,96 

97.47 

*8.00 

v.  50 

150 

1202.0 

66.8 

95.17 

*4.03 

NOTE: 


7.  EFFICIENCY  IS  CALCULATED  PER  ANSI  C57. 12.90  SEC  14.3. 

’  MEASURED  VALUES  *  OF  1  EFFICIENCY  ARE  CALCULATED  USINS  THE 
FIRST  THREE  COLUMNS  OF  DATA.  1  LOAD  AND  LOAD  LOSS  VALUES  ARE 
FROM  TEMPERATURE  RISE  TESTS  (SEE  THIS  APPENDIX).  NO-LOAD  LOSS 
VALUES  ARE  FROM  THE  SATURATION  CURVES  (SEE  TABLES  A. 1 1.1  THRU 
A. 11.3). 


3 


AON3IOUd3  lN30d3d 

B-  1  14 


EFFICIENCY  (MEASURED  &  CALCULATED) 


B-115 


PERCENT  LOAD 

POWER  FACTOR  =  1  +  POWER  FACTOR 


CONDITION:  FOLLOWING  SATURATION  CURVES 


STYLE:  G.E.  251 VA  STANDARD  SILICON  STEEL  POLE  TYPE 


L'<:  ISO/ 1  AC*  NV:  4160s  *5kV  BIL  SERIAL  #:P239216-Y0B 


RATIO 

PASS 

*  HV  RESISTANCE  (OHMS) 

6.342 

POLARITY 

PASS 

*  LV  RESISTANCE  (OHMS) 

0.01924 

FULL  WAVE  IMPULSE 

PASS 

♦  i  SQUARED  R  LOSS  'WATTS) 

43".  9 

APPLIED  POTENTIAL  -  HLIC 

PASS 

t  STRAYS 

13.1 

APPLIED  POTENTIAL  -  LHIC 

PASS 

♦  LOAD  LOSS  IWATTS) 

451.0 

INDUCED  POTENTIAL  -  400  4Z 

PASS 

TOTAL  LOSS  i WATTS* 

519.0 

NL  LOSS  'WATTS! 

57 

♦  ”.  RESISTANCE 

1.30 

7.  E<C I TINS  CURRENT 

0.32 

«  1  REACTANCE 

2.23 

T  EFFICIENCY  3  PF=I 

99.0 

♦  7  IMPEDANCE 

2. 97 

l  EFFICIENCY  ¥  PF-.3 

97.5 

1  REGULATION  *  PF=1 

1.33 

'I  REGULATION  i  PF  =  .9  S.’S 
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CONDITION:  FOLLOW  IMG  lATURATIDN  CURVES 


u.E.  25k VA  AWCRPHOUS  METAL  POLE  TYPE 


:EPImL  #  Z  A L 1 7 '.■-*!  1  ■ 


♦  HV  RESISTANCE  •' C H ,1 E ■ 


POLARIT, 


"L'LL  WAVE  IMPULSE 


APPLIED  P2tENTIAL  •  HLH 


*  IV  RESISTANCE  (OHMS)  0.01324 


APPLIED  POTENTIAL  -  LHIC  SASS 


*  I  SGUAPED  P  LOSS  'WATT; 


*  STRAPS 


*  LOAD  LOSS  'WATTS) 


INDUCED  POTENTIAL  -  40(  HI  PARE 


NL  ‘-05S  'WAT 


(CITING  CURRENT 


HtNC?  ?  f F=1 


.  th~  ;  .ii'N--  '  ? 


E‘6!NEE9: 


7*7^ 


TOTAL  LOSS  'WATTS i 


♦  RESISTANCE 


*  1  reactance 


*  CFtlMCE 


REGULATION  A  RFC 


peculation  a 


*  ICRREC'ED 


SPECS  :Ufi NES 
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Appendix  C 

PHOTOGRAPHS  OF  AMORPHOUS  MF,TAT,-CORF.  TRANSFORMF.R  TF, STING 


0-1 


>>u  r  o  2r-kVA  amorphous  inot  a  1  -roro  trails  former  wi  ..dings  and  corn. 


i  1  ip  1 1  < 1  t '  -  2 


A  ?S  -  kl’A 
A  22-kVA 

!  lilt  tlif' 


amorphous  mi-tal 
s  i  1  i  (.on  - s  (  no  1  l 

amorphous  me i a  1 


- <  o ro  I  raus  fo t  mo  v 
ran  -  hot  run  i  on  t  lu’ 
-rein  l  ransf'il  mn  r 


I  n  t  ho  I  n  f i 
i  ighl  ■  K'0( 

is  la  rip-  ■ 


f ; 


Figaro  C-5.  fnfrarod  scanning  tost  of  25-kVA  amorphous  mocal-coro 

transformor  (loft)  and  a  25-kVA  s  i  1  icon-st.oo  1  trarisformor 
( right.)  • 


igure  07.  Several  amorphous  metal  particles  found  on  the  core  of  a 
25-kVA  amorphous  metal -core  transformer. 


i  g  u  t  e  0  8 


Amorphous  metal  chip  on  the  core  of  a  28-kVA  amorphous 
metal  -core  transformer  discovered  during  Phase  1  test  ini 


F  igure 


C-9 


Several  amorphous  met?)]  particles  found  in  the  bottom 


frame  of  a  25-kVA  amorphous  metal -core  transformer  during 
Phase  I  testing. 


!  i gu re  f-10.  An  amorphous  metal  particle  found  in  t he  bottom  frame  of 
a  2'i-kVA  amorphous  metal -core  transformer. 
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REVISED  PHASE  I  SATURATION  TEST  DATA 


P-1 


ABLE  A . 1 

.11,1  NO 

-LOAD  LOSS  SATIJRATI 

ON  DATA 

HR  i OP  0 

r:  tempi -p 

A  T !  j  R  E  3  T  A  8  [  L  [  7  E  D  A  T 

21 . 7  0FG 

i  '  p  f  ;■  i_4 

rl  IJ  K  F'  H  P  U S 

ME  !  i— it IE 

H  Nb F  i. 1 F’ M E  h’  F  J  1  / 1  j b  1.  ~  v 

'-'.RATED 

y.  RATED 

FLUX 

FLUX 

EXCITING 

VOLTS 

VOLTS 

RMS  VOLTS  CURRENT 

CURRENT 

WATTS 

20 . 000 

ip. 700 

20  -  400  0 . 060 

0 . 029 

1  .  100 

40 . 000 

33 . 300 

4 O  -  ?(*)(  i  O  _  079 

3 . 000 

60 . 000 

SO . 000 

60 .  .1  00  O „  096 

0 . 046 

cr  -i  ■  t ,  - , 

.  ...  i  • .  i 

SO  .  OUo 

do .  7 00 

So . O00  0 .113 

(  j  n  i  .754 

■3  40  0 

90 . 000 

75 , 000 

90 . 000  0 .127 

0 . 0  6 1 

10 . 300 

1  .■">(■> ..  .'  ('it 

S3 . 300 

■;  on  i  ,'m";  c,  i  t=1~r. 

r  ,  t<  ,v7t 

1  2 . 5 OR) 

liv  .  OV 

r  \  i  ■“  - 

1 1 0 . 0 0 0  0 . 2 .1 0 

0 . 1  ■.>  1 

[  j  ,  1  ■ 

1 20 . 000 

100 . 000 

120 . 000  0 .378 

0 . 181 

18.7  UO 

125. 000 

1  0*1  »  200 

125,100  0 .571 

0 . 274 

20 . 7 OR) 

1  Ti  f'On 

10  -o  u  M_  - 1 

1 30 . 100  0 , 957 

/i  rz.  q 

2 2 . 300 

ThHEE  h,  1  .  1.1  ..  ...  MU  — L  UhD  L.iJb- 

i I l  “  Pf:!-  Ij!|  r  T  1 1 K'  TjT  F-  h!;  >•  K  - 

i- ;  1.1.1-'  •  i,  ,i  M  i- :  •  •  i  l  !■-  f , '  >  l  it . 

AMORPHOUS  ME Tr<L  TP. ANSFORMEP 

h  M  i  fc.O 

n,  ij  <  pi.,  ij  < 

V  0 !....  I  S  1 . i  j  L  T  S  f"  r !  S  0  L  T  5 


— i  r  jRf-<  r  i  un  ; . f-t t  i 


r  ...  i  i  -  •'  :.  H 


Eh  TED 

i-  tr  [  T  [i  ii? 

HJRPtN  r  c ;  Jr  ken  r 


K(j  a  u  i  i .  n 


D  r-i  i  1  -  . 


Q(  i .  ooo  '1,11 0  •.) .  0tr>3 


•  1  .  "(’>0  1.  10 


1"4  !.4.v0'' 

i  •:;4  -  .  V 


D 


r nt:LE  »  1  ..  1.  i  .  3  NU”L.ijAD  LUbb  m  '  UKhT  1  UN  i.^ATn 
-  iR  rrn*  T!3  -ir^p,  vn.ip  R  :: 

-- iMuRPHL.’US  nt  !  hL  1  KhN'^'E  R  k  ,j|  :  *.;■?  L  _  v  r 

J4 h‘  m  f  E.  !..>  %  R  h  r  t"  E 

!  X  i'LU  v  R  C  I  I  i  li_; 

PUL  I  vUL  !  RNb  VUi...  r  LLjHPh.N  '  L.LiRP!L:  i-4  i 


0  HO  .  1. 1 


I)  - 


i  A  Bi  . b.  -1,1.11.4  Ur!  ' i ..  U hi 0  L  M  -  ^ 

,  TUP  A  T  [  nr. 

DA  r  A 

-  ■ r.  r ;  J F  3  [  L  T E M F' E F  -  T  ■  J F  E  F  1  ■ y  1 

f  j-  1  •  j  _4  r 

:  .  1  1  r "" 

F  4 1 

t  f.  r 

■i  ;  !  '  i 1  ■  ,  >  /  A  |— .  r '  1 F  !- '  ’  (■  "<  t  1  “  r.  i  1  |  t  l  'i 

4M0RPH0US  metal  transformer  p 

:  1  <  -vf 

A 

■;rh  fed 

p  a  r  c  0 

F  L 1  •  :<■  E  l .  U  ■ 

E 

•  [  r  rr-JG 

■v’  1 3  l  i"  0  ■  - '  0  L  -  S  R  rl  S  V'  0  L  T  '5  C 

JR REN T  C 

UR RENT 

Wi->  T 

Tr:z 

;:0  ,  ,n  1 1. .  too 

'  1 . 0  6  !. 

■  4 

1  .1  -i  '  V 

it  1  . 

]_■  ... 

,  .  -  ‘  0 

1  1  ,  ■  • 

j  u 

4* 

0<  1  ,  ijOA  66  .  7 no  0O  .  1  t_> 

0 . 1  06 
!  ‘  1 

On  0  5  1 

3  . 

3  s’ t 

l  1. .  n  .  L.-,v . 

1  f  *  2  <3  J 

0 , 1.  Jo 

i  4  d 

i  LD  ■ . '  1  •  .  O'  i 

'  ■  ,  -04 

-  > . 7  .1 4 

1  7  , 

■V*1 

!  ■ ■,  ;  a  4  .  -  M-.  : 

!  1 

;  ’  ..T‘  • 

1  rv  . 

"  i  • ; 
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TABLE  A. 1.1 1.5  NO-LOAD  LOSS  SATURATION  DATA 

EOR  TOP  OIL  TEMPERATURE  '—ThBILIZED  Ml  22  .  7  DPS  L  WITH  NU  LUhD 
STANDARD  SILICON  STEEL  TRANSFORMER  F  23921 6- YOD 


‘/.RATED 

7.  RATED 

FLUX 

FLUX 

EXCITING 

VOLTS 

VOLTS 

RMS  VOLTS 

CURRENT 

CURRENT 

WATTS 

20 . 000 

1 6 . 700 

20 . 400 

0. 197 

0 . 09  5 

2 . 900 

40 . 000 

33 . 300 

40 . 100 

0 . 242 

0 . 1 1 6 

7  _  9oo 

60 . 000 

50 . 0 00 

60 . OOO 

(_/  ,  '~7  V 

0 . 144 

1 5 . 300 

ao . ooo 

66 . 700 

80 . OOO 

0 . 361 

0 .173 

25 . 500 

90 . 000 

7  5 . 00 0 

90 , 100 

0 . 402 

0. 193 

31 . 900 

100 .  ooo 

S3 . 300 

QQ  Qnn 

(j .  4<b3 

0  -  222 

oo  .  tV-jO 

no.  ooo 

91 . 700 

109 . 900 

0 .618 

0  -  297 

45.700 

120 . 000 

100 . OOO 

120. OOO 

1 . 329 

0 . 878 

68  .  H (j O 

1?5. OOO 

104 . 200 

125 . 200 

4  ..  447 

2.135 

72 . 600 

■  ,  OCR 

V':>0  „  700 

i :  i ,  •'  oo 

7  6 1  1 

"T  __  c",  ”T 

■  7  3 .  so 

'  "  ,  "•  i  ; 

1  U  *  O'-  * 

i  '•  ,  V...H  ; 

S ..  537 

4  ,  O’r  2 

j-  2T-  ..  c:::0. 
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i ABLE  A . 1 . 1 1 . 8  NO-LOAD  LuSG  SATURAT I  ON  DAT  A 

FOR  TOR  OIL  TEMPERATURE  STABILIZED  AT  128  DEO  C  AFTER  L UAD  t MS  -- 
1  ""  1 2  UR  NAM ERL  A  i  E  R'Etl  i  Mb 


STAND 

ARD  bILIC 

IN  STEEL 

TRANSFORMER 

P 

“  “r  Q 

'.RATED 

V.  RATED 

FLUX 

FLUX 

EXCITING 

VOLTS 

VOL  TS 

RMS  VOLTS 

CURRENT 

CURRENT 

UJA  T  T  8 

2b . 000 

1  S  ,  "7 '00 

20  .  3 OO 

0  ,  1 

0  „  0  7  j 

vOO 

40 . 0  ■. 1  u 

7  7  -  Juo 

40, loo 

0 .213 

0 . 1 0  5 

O  . 

-y  i  “  i  < 

SO .  000 

50 • 000 

60> .  100 

0 . 277 

0 . 133 

13  . 

900 

■  iO  „-ooo 

•bo  .  “Ob 

•90..  1.00 

r.  it  3  3  * ) 

J  -•  . 

'  V  !  ;  B  i  1  i  '1 

/  _'i  „  l. )»..)•_) 

r  *-•  •  1. 

V.  '  .  o  J.L 

0 . 183 

2'-  . 

'  ~  i  ii 

L  00 . OOO 

S3 . 300 

1 OO . OOO 

0 . 4  5  0 

0 .216 

36  . 

700 

1  1'  > ,  O00 

'  r  1  -  ’7  00 

1  n  ,  >i  .n  ) 

j"  ;  ^  O 

*•  >  .312 

46  . 

!3  3' 0 

'  20  ,  ; 

I  (  j  *  i  T  I 

l  70 ,  \  OO 

.  4  4 

1  ,  t.  >7 

r,A  , 

soo 

•  A-*-  .  1  O'  • 

-!  ,  t- '  r  i 

.  .  ..i.  , 

D-D 


AMQRF'l-i 

SILICON 

SI  /AM 

Pi  M  U  F  F*  H 

S I L I  CON 

AM  /SI 

E  X  C I  T  G 

E  XL  I  i  b 

C I  TG 

NO -LOAD 

NU-LUAD 

NO-LOAD 

»h  P 

CURRENT 

CURRENT 

CURRENT 

LOSS 

LOSS 

LOSS 

FLUX 

NC  LOAD 

NO  LOAD 

NO  LOAD 

WATTS 

WATTS 

WATTS 

VOLT 

0 . 060 

A  .  1 97 

3 . 283 

1 . 100 

2 . 900 

0 .779 

16.'7 

O  . O  7  7 

0.242 

3 . 063 

3 . 00 A 

7 . 900 

0 . 380 

--  - 

0 . 096 

0  .  299 

3.11 5 

5 . 400 

1 5 . 300 

0 .3  53 

pi.  i  „  >  . 

0 .113 

0.361 

3 . 195 

8 . 400 

25 . 500 

0 . 329 

P  6  “7 

0 .127 

0 . 402 

3.16  5 

10 . 300 

31 . 900 

r,  _  777 

7S  .  r< 

a  .  i  :~,3 

O  „  460 

[  ;■  r*:i  i  i  i '  i 

^<3  Si'o'i 

i,...  ,.r 

1  J  jL  i-.1 

•  2  •  i,  _■ 

0.21 0 

0-613 

2 . 943 

1 5 . 200 

45.7  0 0 

1. 1 . 777 

9  1 . 7 

0 .773 

1 . 82Q 

4 . 839 

13 . ZOO 

63 . 300 

^  ••T  ”' 

LAO  .  o 

O  ■  3  l 

4 . 44  r 

/  "So 

■'  (  i  /  •]  i  . 

72 . s 00 

*  ■'  _« 

i  ■  »4  _ 

0 . 957 

7 . 6 1 1 

7 . 953 

4_2i  . <  QUO 

1.33 . 600 

0 .16  5 

108  -  7 

1 . 848 

8.537 

4 . 620 

25 . 400 

1 63 . 800 

0 .155 

112.5 
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AMORPH 

S I L I  COM 

SI /AM 

AMORPH 

SILICON 

AM/SI 

EXCI TG 

EXCITG 

E  X  C  1 1  G 

NO-LOAD 

NO-LOAD 

NO— LOAD 

'.RATE 

CURRENT 

CURRENT 

CURRENT 

LOSS 

LOSS 

LOSS 

FLU  a 

1 5  07.  LOAD 

1 50 /'.LOAD 

1507.L0AD 

WATTS 

WATTS 

WATTS 

VOLTS 

:J  .  Ufa  1 

0 . 156 

2 . 557 

1  .  100 

2 . 200 

0 . 500 

1 6 . 700 

0 . 074 

0 .218 

2.946 

3 . 000 

6 . 900 

0 . 4  3  5 

33 . 300 

0 .  086 

0.277 

3 . 22.1 

5 . 400 

1 3 . 900 

(_)  .  3  CD  8 

50 . 1  jOO 

0  •  1 0  6 

0 . 340 

3 . 208 

8 . 300 

23 . 500 

0 .353 

66 . 700 

0 .124 

0 .382 

3 . 081 

9 . 900 

29 . 500 

0 , 336 

75 . 000 

#  A,,'i 

0 . 4  50 

2  .  o  1 3 

1 1 . 700 

36 . 700 

0 .319 

3  3 . 300 

0 . 262 

0 .649 

2 . 477 

14 . 400 

46 . 500 

0 . 3 1 0 

91 . 700 

0 . 654 

2 . 494 

3.81 3 

17 . 7 00 

66 ■ 800 

0 . 265 

100 . 000 

\  1..  o 

A  .  7  V r~, 

5  .  1  93 

19,7 O 0 

94 , 500 

0 . 206 

104 . 200 

-t  _  ■=  r  7 

8.514 

2 . 407 

23 • 1 00 

1 52 . 200 

0 .152 

lob . 300 

8 . 956 

9 . 478 

1 .058 

79 . 900 

174 . 500 

0  -  458 

112. 500 
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Append  i  x  F. 


GENERAL  ELECTRIC  COMPANY  TEST  REPORT  NO.  88-AMT-001 


Amorphous  Metal  Distribution  Transformer  3-Foot  Drop  Test 


(Printed  by  permission  of  General  Electric 
Company,  July  1989,  distribution  unlimited) 


Gl  Transformer 
Business 


February  10,  1988 


Mr.  Guy  \l .  Urata 

Naval  Civil  Engineering  Lab 

Code  L72 

Port  Hueneme,  CA  93043-5003 

SuDject:  Amorphous  Metal  Distribution  Transformer, 
3-Ft.  Drop  Test  Report  88-AMT-001 

Dear  Mr.  Urata: 


Per  Mr  Westhaus'  request,  I’ve  oreparea  the  suoject  test  report 
88-AMT-001 .  which  documents  tne  3-ft.  drop  test  on  three  GE  Amorphous  Metal 
Cored  Distribution  Transformers .  This  test  was  performed  at  the  GE 
Distribution  Transformer  Plant,  Hickory,  N.  C.  on  April  22,  1987.  Mr.  John 
Franchi.  of  NCEL  witnessed  all  test  operations,  as  well  as  post  drop  test 
examination  of  the  interior  assemblies.  In  addition,  Mr.  Robert  Wright  of 
NCEL  took  both  still  photos  and  video  tapes  of  these  operations. 


We  are  very  pleased  on  the  outcome  of  this  3-ft.  drop  test.  It 
verified  once  and  for  all  the  structural  integrity  of  GE's  amorphous  metal 
cored  distribution  transformers.  Please  call  me  if  you  have  any  questions. 


Sincerely  yours. 


/ 

< 

Albert  C.  Lee 
Senior  Development  Engineer 


i/021088-l 

p.s.:  Computer  tabulation  of  initial  factory  test  results  on  the  three 

transformers  is  also  attached. 


cc:  Randy  Westhaus 

Advance  Technology.  Inc. 
751  Daily  Drive,  Suite  220 
Cama i  i 1 1 o  ,  CA  93010 


John  Franchi 

Naval  Civil  Engineering  Lab 
Code  l72 

Port  Hueneme,  CA  93043-5003 


R.  M.  Carr-GE  Company 
9350  n  a i r  Drive 
E’  Monte.  CA  91731 
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Test  Record 

jjwKp 

Subject  Amorphous  Metal  Cored 

Report  Number 

Distribution  Transformers 

88- AMT-001 

Titl6  Static  Drop  Test,  25  kVA 

Date  2/8/88 

| 

Object  To  confirm  the  structural  integrity  of  amorphous  metal  cores  usea  in 
distribution  transformers  by  dropping  them  vertically  from  a  height  of  three  ft. 
onto  a  concrete  pavement.  This  DROP  TEST  is  considered  as  a  DESTRUCTIVE  TEST . 


Test  Equipment  Pole-type  distribution  transformers, per  GE  TS3601AD0A25LA0  with 
voltage, citings  of  n  150/7200^-120/240.  S/N  P2170611  \  P265882  (  '  and 
P265885'  ' .  All  three  transformers  completed  a  trucking  round  trip  L. tween 
Hickory,  N.  C.  and  Naval  Civil  Engineering  Lab  (NCEL)  in  Port  Hueneme,  CA  (A 
total  shipping  distance  of  ~  5000  miles).  Notes:  1)  core  has  no  encapsulant  at 
joint  area;  2)  core  has  encapsulant  at  joint  area. 


Test  Method  DROP  TEST  was  conducted  at  Hickory,  N.  C.  on  April  22,  1987.  It 
consists  of  lifting  the  transformer  to  a  three  foot  height  and  hanging  in  air  by 
means  of  a  steel  wire.  The  wire  was  then  cut  and  allowed  the  transformer  to 
drop  squarely  c..  t  the  concrete  pavement.  See  photos  1  &  2. 

After  completion  of  the  5000-mile  shipping  distance  and  after  the 
PROP  TEST,  each  transformer  was  untanked,  and  the  interior  assembly  was  examined 
for  any  sign- of  damage  and  any  presence  of  amorphous  metal  particles  and  chips. 

Each  transformer  was  given  a  commercial  electrical  test  in  the  factory 
before  and  after  the  DROP  TEST.  Tests  were  also  performed  in  the  Dev.  Lab. 


Resul ts 

S/N  P2i7061 

S/N  P265882 

S/N  P265885 

1. Elect.* 

Factry  Test  Lab  Test 

Factry  Test  Lab  Test 

Factry  Test 

Lab  Test 

Matts  Amps  Watts  Amps 

Watts  Amps  Watts  Amps 

Watts  Amps 

Watts  Amps 

Before : 

18.7  .29  18.2  .37 

13.0  .25  14.5  .27 

14.3  .27 

14.5  .34 

After : 

17.6  .29  18.1  .41 

13.9  .26  14.2  .28 

13.6  .24 

14.1  .32 

ChangeX 

-5.6  -0-  +0.55  +11.1 

+6.9  +4.0  -2.1  +3.0 

-4.9  +11.1 

-2.8  -5.9 

2.Mech.** 

a. 

Tank  bottom  "bulged" 

Tank  bottom  "bulged" 

Tank  bottom 

"bulged" 

b. 

Top  clamp  bent 

Top  clamp  bent 

Top  clamp  bent 

c . 

— 

HI  HV  bushing  broken 

— 

3. AM  Metal 

Particles  &  Chips 

a. 

None  in  oil 

None  in  oil 

None  in  oil 

b . 

7  small  chips  inside 

4  small  chips  inside 

1  small  chip 

■  inside 

bottom  chip  contain¬ 

bottom  chip  contain¬ 

bottom  chip 

contain- 

ment  box. 

ment  box. 

ment  box 

*  (See  computer  printouts)  **  (See  Photos  3,4  &  5) 


Conclusions  (1)  Amorphous  metal  core,  with  &  w/o  encapsulant  over  the  cut  joint 
area,  remains  structurally  sound  after  a  3-ft.  drop;  (2)  Electrical  performance 
remains  essentially  unchanged  after  a  3-ft.  destructive  DROP  TEST ;  (3)  The 
effectiveness  of  ctvp  containment  box  was  demonstrated;  and  (4)  in  spite  of  tank, 
deformation  and  clamp  damage,  all  3  transformers  remain  functionally  good 
(exceot  broken  HV  bushing  must  be  replaced). 
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A.  After  5000-mile  Shipping  Distance  &  Before  3-Ft.  Drop  Test 
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A.  After  5000-Mile  Shipping  Distance  &  Before  3-Ft.  Drop  Test 
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After  500n-M11e  Shipping  Distance  &  Before  3- Ft.  Drop  Test 


3ER.N0.  P265385-YRP  T 

.  3. NO,  360 

I AD0A25L AOL 

KVA 

25  RATING 

240/  4160 

RED  QUAD 

DATE 

21 -APR-37 

TIME 

I2J31 131 

FLUXV 

RMSV 

AMPS 

WATTS 

EXCITATION  241.0 

244.0 

0.27 

14.3 

RATIO  = 

I7.it  "•"-'.So 

INDUCE 

480.1 

0.98 

22,5 

•  "U*  *1 

IMPEDANCE 

TOTAL  WATTS  0  S5C 

5.71 

103.69 

254,  u 
326 . 9 

TEMP  = 

%  1  Mc‘  -= 

22.  w- 

.  '  *■  fv.  ' 

LV  HIPOT  KV 

10.0 

RASr 

HU  HIPOT  KV 

25.9 

'ASS 

IMPULSE  KV  HI  =  92.7 

X3  = 

0 . 0  XI  = 

0  •  O' 

HI  PAR  - 

0.0  -AS  6 

CB  RIGHT  AMPS  *  0. 

0  MAIN  = 

0.0  TEMF 

•  =  0 

.0  LIGHT  * 

v; .  0  --'ONE 

FAILURE  MODE 

PASSED  UNIT 

B.  After  3- Ft.  Drop  Test 

SER.NG.  P265885- YRB  T . S . NO .  3601 AD0A25LA0L  KVA  25  RATING  240-'  -*16. 


GREEN  QUAD 

DATE 

22- APR 

-87-  TIME 

15:31 J20 

FLUXV 

RMSV 

AMPS 

WATTS 

EXCITATION  240.6 

243.5 

0.24 

13.6 

RATIO  s» 

A  *  »  Jw1 

PASS 

INDUCE 

480.2 

0.85 

19.7 

1  V;c.  C 

IMPEDANCE 

TOTAL  WATTS  <?  85C 

5.7! 

1 04 , 00 

259 ,  s> 
326.5 

TEMP  = 

Z  IMP  = 

o  __ 

.  w  v' 

LV  HIPOT  KV 

10.0 

i  -,sc 

HV  HIPOT  KV 

25.9 

PASS 

IMPULSE  KV  HI  *  92.8 

<3  = 

0.0  XI  =  0.0 

HI  PAR  = 

0  *  O 

■  A  S  i? 

CB  RIGHT  AMPS  *  0.0 

MAIN  = 

0.0 

TEMP  =  0 

.  y  LIGHT  = 

0  .  V 

**r  NLr 

PASSED  UNIT 

E- 1.0 


FAILURE  MODE 


DISTRIBUTION  LIST 


AF  1004  SSCr'DE.  Omzuka  AFB.  C A;  18  CESS  DEEEM.  Kadcna.  JA.  0550  ABC  IJI.R.  Patrick  API,.  FI  .  •>’_• 
CESDCME.  Fairchild  AFB.  WA  a  Pt  r  DE  I  (Hudson).  Wright  Patterson  AFB.  OH;  A  FI  I  OFF. 
Wright-Patterson  AFB.  OH;  CES'DEMC  (Neal).  Sheppard  AFB.  I  X;  MO  ANO.  231  CEF  DEI) 

(Schmedake).  Bridgeton.  MO 

AF  HO  F.SD  AVMS,  Hanscom  AFB.  MA;  ESD  DEE.  Hanseoni  AFB.  MA 

AFB  42  CES-'DEMU  (Drechsel).  Eoring  AFB.  ME;  82nd  ABC  DESK  A.  Williams  AFB.  A/.  HO  MAC. DEE!:. 
Scott  AFB.  IF;  HO  TAC  DEMM  (Pollard).  Langley  AFB.  VA.  SAMSO  DEC  (Sauer),  V.mdenberg  AFB 
CA 

AFESC  DEB.  Tyndall  AFB.  FT;  DEMM  lus.  I  yndall  AFB.  FF;  HO.  RDVA  A  PDVCW.  Tyndall  AFB,  FI 
TIC  (library).  Tyndall  AFB.  FI 
AFSO  DEEQ  (P  Montoya),  Peterson  AFB.  CO 

ARMY  4 1  (it h  ENC'OM.  Akron  Survey  Tm.  Akron.  OH.  CECOM  RAD  Tech  l.ih.  Ft  Monmouth.  NJ. 

CEHSC-FU-N  (Krajewski).  Ft  Belvoir.  VA:  Ch  of  Engrs.  DAEN-CWE-M.  Washington.  DC.  Ch  ol  Engrs. 
DAEN-MPU.  Washington,  DC;  FESA-EM  (Karney).  Ft  Belvoir.  VA:  110  Europe  Cmd.  AFAFN-FI  -l  . 
Heidelberg.  CE:  HHC.  7th  ATC  (Ross).  Crafenwohr.  CE;  HO.  PEAK.  EAFE-E-l'E.  Yorigsan.  Korea. 
HODA  (DAEN-ZCM).  Washington.  DC:  Kwajalcin  Atoll.  BMDSC-RKF-C.  Marshall  Is;  PO.II  D-O. 

Okinawa.  Japan;  R&D  Cmd.  STRNC-WSA  (Kwoh  Hu).  Natick.  MA 
ARMY  BEFVOIR  R&D  CEN  STRBE-AAFO.  Ft  Belvoir.  VA:  STRBE-BFORE.  Ft  Belvoir  VA 
ARMY  CERE  CERF-ES  (DF  Johnson).  Champaign.  IF.  CERF-ESD  (D  Chu).  Champaign.  II  .  Energy  Sys  |)o. 

Champaign.  IF.  Fibrary.  Champaign.  IF;  CERF-EN.  Champaign.  IF 
ARMY  CORPS  OF  ENGRS  A  Azares.  Sacramento.  CA 
ARMY  CRREF  A  Iskandar,  Hanover.  NH;  CRREF-EA,  Hanover.  NH 

ARMY  DEPOT  Fettcrkenny.  SDSFE-EF.  Chambersburg.  PA:  Eetterkenny.  SDSFE-SF.  Chambersburg.  PA 
SDSNC-T-MOD-E.  New  Cumtierland.  PA 

ARMY  F.HA  Dir.  Env  Oual.  Aberdeen  Proving  Grnd.  MD;  HSE-RP-HG.  Arberdeen  Proving  Cirnd.  MD. 
HSHB-EA-S.  AFeidecn  Proving  Grnd.  MD:  HSHB-EW.  Aberdeen  Proving  tirnd.  MD:  HSHB-MF.-A. 
Aberdeen  Proving  Grnd.  MD 

ARMY  ENGR  DIST  FMVCO-A  Bentley.  Vicksburg.  MS;  Fibrary.  Portland.  OR:  Fibrary.  Seattle.  WA. 
SAMEN-DS'Davis.  Mobile.  AL 

ARMY  ENGR  DIV  ED-SY  (Foyd).  Huntsville.  A!  ;  HNDED-SY.  Huntsville.  AF:  New  England.  NEDED-D. 
Waltham.  MA 

ARMY  EWES  GP-EC  (Webster).  Viesburg.  MS;  Fibrary.  Vicksburg  MS:  WESGP-E.  Vicksburg,  MS 
ARMY  FMC  Fort  Fee.  VA 

ARMY  MISSIFE  R&D  CMD  Ch.  Docs.  Sci  Info  Or.  Arsenal.  AF 
ARMY  MMRC  DRXMR-SM  (Fenoc).  Watertown,  MA 
ARMY  TRADOC  ATEN-FE.  Ft  Monroe.  VA 
ADMINSUPLJ  PWO.  Bahrain 

BUREAU  OF  RECLAMATION  D-I5I2  (GS  DePuy).  Denver.  CO 

CBC  Code  10,  Davisville.  RI;  Code  15.  Port  Hueneme.  CA:  Code  155.  Port  Hueneme.  CA;  Code  430, 

Gulfpi'rt.  MS;  Code  470.2.  Gulfport.  MS;  PWO  (Code  400).  Gulfport.  MS.  PWO  (Code  8(1).  Port  Hueneme. 
CA;  PWO,  Davisville.  RI;  Tech  Fibrary.  Gulfport.  MS 
C'BU  405.  OIG,  San  Diego.  CA;  411.  OIC.  Norfolk.  VA 
CG  FOURTH  MARDIV  Base  Ops,  New  Orleans.  FA 
CHINFO  OI-50D  (C'ronk).  Washington.  DC 
CINCFANTFFT  CE  Supp  Plans  Offr.  Norfolk.  VA 
CINCUSNAVEUR  I.ondon.  F’K 
CNA  Tech  Fibrary.  Alexandria.  VA 
CNO  DCNO,  Fogs.  OP-452.  Washington.  DC 

COMF1  FACT  PWO.  Kadcna.  Japan;  PWO.  Sasebo.  Japan;  SCE,  Yokosuka.  Japan 
COMNAVACT  PWO.  I.ondon.  UK 

COMN AVAIRSYSCOM  AIR-714.  Washington.  Pf';  Code  422.  Washington.  IK 
COMNAVl.OGPAC  Code  4318.  Pearl  Harbor.  HI 
COM  N  A  VM  A  RIAN  AS  Code  N'4.  Guam 

COMNAVRESFOR  Code  08.  New  Orleans.  FA;  Code  823.  New  Orleans.  FA 
(  OMNAVSUPPFORAN  I  ARC  TIC  A  DE  I  .  PWO.  Christchurch.  N/ 

COMOCEANSYS  Pac.  SCE.  Pearl  Harbor.  III 

COM8I  "M)f  VGRU  ONE  Ops  Offr.  San  Diego.  CA 

COMSUBPAC  SCE.  Pearl  Harbor.  III 

DIRSSP  lech  Fib.  Washington.  DC 

DOI  INT  I  lech  lab  Reports  Sia.  Idaho  Falls.  ID 

DIRCT  N  (  ode  2831.  Annapolis.  MD.  (  ode  284.  Annapolis.  MD.  (  ode  41  IF  Belhvsda.  MD.  (  ode  -)J. 

Bethesda  Ml)  Code  421  F  BelhesTi.  MD.  Code  522.  Annapolis.  MD.  (  ode  412(1.  Annapolis.  MD 


EPA  Reg  III  Lib.  Philadelphia.  PA;  Reg  VIII.  I  ah.  Denver.  CO 
ESSM  Whse  12  (Bowman).  Williamsburg.  YA 
FCTC  LAN  I'.  PWO,  Virginia  Beh.  YA 
GIDEP  OIC.  Corona.  (  A 

(iSA  Ch  Engrg  Br,  POB.  Washington.  DC;  Code  PC  DP.  Washington.  DC 
I  IBRARY  OF  CONGRESS  Sei  &  Teeh  Do.  Washington.  DC 
MAC.  Ih.  CO.  MCAS  Tustin.  CA 

MARCORBASF.  Code  4.01 .  Camp  Pendleton.  CA.  C  ode  405.  Camp  I  ejeiine.  NC.  Code  Hit.,  Camp  I  e|eune. 
NC;  Main!  Olfr.  Camp  Pendleton.  CA;  PAC.  PWO.  Camp  Butler,  ,IA;  PWO.  Camp  l.eieune.  NC.  PWO. 
Camp  Pendleton.  CA;  Pae.  FF.  Camp  Butler.  JA 
MARCORDIST  12.  Code  4.  San  Francisco  CA 
MARCORPS  FI  RS  I  FSSCi.  finer  Supp  Olfr.  Camp  Pendleton.  CA 
MARINE  CORPS  HO  1  El  .  Washington.  DC 
MCI  B  Code  S55.  Albanv.  CiA 

MCAS  Code  8.I.A2.  Yuma.  A/.  Code  6EDD.  Iwakimi.  lapan.  Code  ICl.  C  hern  Point.  NC  PWO.  Kaneohe 
Ba>.  Ill;  PWO.  'luma.  A/. 

MCLB  Main!  Olfr.  Barstow.  CA;  PWC  (Saehanj.  Barstow.  C  A;  PWO.  Barstow ,  CA 
MCRD  PWC).  San  Diego,  CA 

MCRDAC  M  A  1  Div  QuaMico.  VA;  NSAP  Rep.  Ouantico.  VA;  AROICC.  Ouantieo.  VA 
NAF  AROICC.  Midway  Island;  Dir.  Engrg  Div,  PWD.  Atsugi.  Japan;  PWO.  Atsugi.  Japan;  See  Oll’r.  El 
Centro.  CA 

NAl  F  OIC.  San  Diego.  CA 

NAS  Chase  Fid.  Code  18300.  Beeville.  I  X.  Chase  Eld.  PWC).  Beeville.  IX;  Code  072E.  Willow  Grove.  PA. 
Code  11(1.  Aviak.  AK;  C  ode  Is.  Alameda.  CA;  C  ode  1  b  V  Keflavik.  Iceland:  Code  183.  Jacksonville.  El  . 
Code  1833.  Corpus  Christ).  IX;  Code  IS”.  Jacksonville.  EE;  Code  18700.  Brunswick.  ME!:  C  ode  SIM.  San 
Diego.  CA;  Code  0234  (C  Arnold).  Point  Mugu.  CA;  Code  71).  Marietta.  CiA:  Code  70.  South  Wevmouth. 
MA;  Code  S.  Patuxent  Riv-r  Ml);  CuiL  da.  iamwia  kivec.  Ml),  ivlempnis.  Dir.  Engrg  Div.  Millington. 

IN;  Memphis.  PWO.  Millington,  IN;  Miramar.  Covle  I821A.  San  Diego.  CA;  Miramar.  PWO,  San  Diego. 
CA.  NE  Code  183.  San  Diego.  CA:  lav  Mgml  Offe.  Alameda.  CA:  OLE-1.  Alameda.  CA:  Oceana.  PWO. 
Virginia  Beh.  VA:  PvYE  Supr.  Adak.  AK:  PW  Engrg  (Branson).  F’aluxent  River.  Ml);  PWD  (Graham). 
I.emoore.  CA.  PWD  Maim  Div.  New  Orleans.  LA:  PWO  (Code  1S2)  Bermuda;  PWC).  Bermuda;  PWC). 

Cecil  Field.  FI  :  PWC).  Dallas.  IX:  PWO.  Glenview.  IE;  PWC).  Keflavik.  Iceland;  PWC).  Key  West.  EL; 
PWO.  Kingsville  IX;  PWC).  Moffett  Field.  CA;  PWC).  New  Orleans.  LA;  PWC).  Sigonella.  Italy;  PWO. 

South  Wevmouth.  MA:  PWO.  Willow  Grove.  PA;  SCE.  Barbers  Point.  Ill;  SCE.  Ctibi  Point.  RP:  SCI!. 
Norfolk.  VA.  Weapons  Offr.  Alameda.  CA.  Whidbey  Is.  PW-2.  Oak  Harbor.  WA.  Whiting  Eld.  PWO. 
Milton.  El 

NAVAIRDIiVCEN  Code  832.  Warminster.  PA.  Code  8323.  Warminster.  PA 

NAVAIRENGCEN  Code  182.  lakehurst.  N.I;  Code  18232  (Collier).  Lakehurst.  N.l;  PWO.  I.akehurst.  N.l 
NAVAIRPROPC  I  N  CO.  irenlon.  NJ;  Code  PW-3.  Denton.  N.l 
NAVAIRI  FiSTCF  N  PWC),  Patuxent  River.  MD 

NAV  AY  IONICCEN  Code  1)7111.  Indianapolis,  IN:  PWO,  Indianapolis.  IN 

NAVAVNDEPOI  Code  Oil.  Norfolk.  VA;  Code  hltKIO.  C  herry  Point.  NC;  Code  fill,  Jacksonville.  El  .  Covle 
Mil.  Pensacola.  EL:  Code  01030.  San  Diego.  CA:  SCE.  Norfolk.  VA 
N  A  VC  A  MS  SCI!.  Wahiawa.  HE  PWO.  Norfolk.  VA;  MED.  SCE.  Naples.  Italy;  West  Pae.  SCE.  Guam. 

Mariana  Islands 

NAVC  OASTSYSC  F  N  CO.  Panama  Citv.  I  I  ;  Code  2360.  Panama  City.  EE;  Code  423.  Panama  City,  I  I  ;  PWC) 
(Code  740)  Panama  (  tty,  E!  ;  Tech  !  ihrarv.  Panama  City.  FI 
NAVCOMMSTA  CO.  San  Miguel.  II  P  :  Covle  401.  Nc.t  Makri.  Greece;  PWO.  Exmouth.  Australia;  PWC). 
Thurso.  L i K 

N AVC'ONS ERAC'EN  Covle  II  I.  Pori  llucneme.  CA;  Covle  D2A.  Port  llucneme.  CA;  C  ode  112.  Gullport.  MS 
NAVELEXC  EN  DE  E.  OIC  .  Winter  Harbor.  ME 
riAVENVIRHI,  I  IIC'EN  Covle  44.  Nvirfolk.  VA 
NAVI  ODIEC  IK  I  N  Teeh  Library.  Indian  Head,  MD 

NAVE  AC  Centerville  Beh.  PWC).  Eerndale.  CA:  PWO  (Covle  SO).  Bravvdv  Wales,  IK;  PWO.  Oak  Harbor.  WA 
NAVFACENGCOM  Covle  00.  Alexandria.  VA:  Code  O'.  Alexandria.  VA:  Code  (HR  lUersson).  Alexandria. 

VA;  Covle  031  (I  ssoglou).  Alexandria.  VA,  Code  04A.  Alexandria.  VA.  Covle  (MAI.  Alexandria.  VA; 

Covle  04A3.  Alexandria.  VA.  Covle  04A3C,  Alexandria.  VA;  C  ovle  04A4I  .  Alexandria.  VA.  C  ode  04B3. 
Alexandria.  VA;  Code  08IA.  Alexandria.  VA:  Code  0031.  Alexandria.  VA;  Covle  083.  Alexandria.  VA: 

C  ode  DOM  1 24  (lib).  Alexandria.  VA;  C  ovle  Ih3.  Alexandria.  VA:  Covle  1031.  Alexandria.  YA.  C  ode  1053 
(Hannenian),  Alexandria.  VA:  Code  18.  Alexandria.  VA 
NAVEACI  NGC  (IM  CUES  DIV  C  ode  04.  Washington.  DC;  I  PO  1  PI  .  Washington.  DC 
NAVE AC  ENGC  <)M  I  ANT  DIV  Br  Ole.  Dir.  Naples.  Italy;  Covle  111.  Norfolk.  VA;  Code  1112.  Norfolk. 

VA.  Covle  40).  Norfolk,  VA.  Code  408.  Norfolk.  VA;  libian.  Norfolk.  VA 
NAVEACENGCOM  NOR  Ell  DIV  CO.  Philadelphia.  PA:  C  ode  04.  Philadelphia.  PA:  C  ovle  04A1  . 
Philadelphia.  PA.  Code  II.  Philadelphia.  PA.  Covle  111.  Philadelphia.  PA.  Covle  114  (Rhoads). 

Philadelphia.  PA.  C  ode  202  2.  Philadelphia.  PA;  Covle  408 A E,  Philadelphia.!.  PA:  Code  408.AE. 

Philadelphia.  PA 


NAVFACENC.COM  ■  PAC  DIV  Code  OOP.  IV.irl  Harbor.  HI.  Code  ’(HI.  I'e;nl  ll.nhoi  III.  I  ihrarx  Pearl 
Harbor.  HI 

NAVFACFNGCOM  -  SOI  III  DIV  Code  HI  A Charleston.  SC.  Code  Ill’ll'  Ch.irleMoii.  SC.  Code  111’. 
Charleston,  SC.  Code  41 A  iCiaddy).  Charleston.  SC.  C  ode  405,  Charleston  SC;  Code  4110.  Charleston.  S( 
Library,  Charleston.  SC 

NAVFACFNC.COM  -  WEST  DIV.  IMP  20,  San  Bruno.  CA;  C  ode  IMA’  2  (lib).  San  Kruno.  CA.  Code  IMK.  San 
Bruno.  CA;  Code  0*>B.  San  Bruno.  CA.  Code  102 .  San  Bruno.  CA.  Code  205K  .  San  Kruno.  CA.  Code  4(is. 
San  Bruno.  CA;  Code  408.2  (Jcung)  San  Bruno.  CA.  l’ae  NW  Hr  Olle.  Code  C  42.  Sibeulale  \\  A .  I’.te 
NW  Hr  Offc.  Code  050.  Silver  dale.  \VA 

NAVFACF.NGC OM  CONTRACTS  Code  4M).  Portsmouth.  VA.  (  ode  »2.C.  |  verett.  WA.  DROIC  C.  1  ernoore. 
CA.  DROICC.  Rota.  Spain;  Farle.  ROICC.  Colts  Neck.  Nl;  North  Bat.  Code  1(142  AA.  Vallejo.  CA. 

OICC,  (iuam:  OICC  ROICC.  Norlolk.  VA.  Old  ROICC.  Virginia  Beaeh.  VA.  ROICC  (Code  4*15). 
Portsmouth.  VA;  ROICC.  Corpus  Chrisii.  I  N.  ROICC'.  C  rane.  IN.  ROICC  .  Point  Mugu.  CA.  AROIC  C  . 
Ouanttco.  VA:  ROICC.  Twenty-nine  Palms.  CA.  S\\  Pae.  OICC.  Manila.  RP.  Indent.  OICC.  St  Marcs.  CIA 
OICC  NW.  Code  I14NW.  Silcerda  e.  WA 
NAVFCFL  DL  L  CMC.  Yokohama.  Japan 

NAVHOSP  SCL.  Newport.  R I :  CO.  Millington,  IN;  lid.  Fac  Menu.  Camp  Pendleton.  CA;  l.t  Barton, 

Yokosuka.  Japan;  SCF.  (iuam.  Mariana  Islands;  PWO.  Okinawa.  Japan.  SCI  (Knapowski).  (ireat  lakes. 

It.;  SC  EL  Pensacola.  FI  ;  SCF.  Yokosuka.  Japan 
NAVMAO  SCL.  (iuam.  Mariana  Islands;  SCL..  Subic  Bav.  RP 

NAVMFDCOM  NWRIKi.  Fae  F.ngr.  PWD.  Oakland.  CA,  NWRF.Ci.  Head,  lae  Mgmt  Dept.  Oakland.  CA; 
PACRLCi.  Code  22,  Barbers  Point.  HI;  SCI;.  Jacksonville.  I  I  ;  SWRFCi.  Code  5s  San  Diego.  CA; 

SWRFCi.  SCF.  San  Diego,  CA 
NAVMI  DRSCIIlNSim  IF  Code  47.  Bethesda.  MD 
NAVOCFANCOMCFN  Code  FF.S.  (iuam.  Manana  Islands 

NAVOCFANSYSCEN  Code  524  <>  -port  San  Diego.  CA;  Code  811.  San  Diego.  CA.  Code  ll4,  San  Diego.  CA 

NA  VORDSTA  Code  (W22BI.  Indian  Head.  MD;  PWO.  Louise ille.  KY 

NAVPCiSCOL  Code  1424.  Library,  Monterey.  CA.  PWO.  Montercv.  CA 

NAVPHIBASF  PWO.  Norfolk.  VA  SCF  San  Diego.  CA 

NAVRFSCFN  Dir.  Fam  Hsng.  Sioux  City.  IA 

NAVSC  Ol.CFCOf  F  Code  C55,  Port  Huencme.  CA 

NAVSCSCOL  PWO.  Athens.  CiA 

NAVSI  ACFNPAC  Code  52.  San  Diego.  CA 

NAVSFASYSCOM  Code  05M5.  Washington.  DC;  Code  5(>/4  (Mosehopoulosl.  Washington.  DC:  Coile 
PMS206L22  (J  Rekas).  Washington.  DC 
NAVSI  CCiRC  Code  (145.  Washington.  DC 

NAVSf-C  Ci.il1  ACT  PWO  (Code  40).  Fd/ell.  Seotland;  PWO.  Adak.  AK.  PWO.  Sabana  Seea.  PR 
NAVSFCSTA  Code  btl.  Washington,  DC;  C  ode  N70.  Washington.  DC 
NAVSHIPKFPFAC  SCF.  Subic  Bay.  RP;  SCF.  Yokosuka.  Japan 

NAVSHIPYD  CO.  Pearl  Harbor.  HI;  Carr  Inlet  Acoustic  Range.  Bremerton.  WA.  Code  2(12.4.  Long  Beaeh. 

CA.  Code  202.5  (Library!.  Bremerton.  WA;  Code  5(18.05.  Pearl  Harbor.  Hi;  Code  508.5.  Pearl  Harbor.  HI. 
Code  582.5.  Pearl  Harbor.  HI;  Code  420.  Long  Beaeh.  CA;  Code  440.  Portsmouth.  NIL  Code  445. 

Bremerton.  W'A;  Code  005.  Long  Beaeh.  CA.  Library.  Portsmouth.  NIL  Mare  Island.  Code  202  M  Vail . 

CA;  Mare  Island.  Code  401.  Vallejo.  CA;  Mare  Island.  Code  421.  Vallejo.  CA.  Mare  Island.  Code  455. 
Vallejo.  CA;  Mare  Island.  Code  457,  Vallejo.  CA;  Mare  Island.  PWO.  Valloio.  CA;  Norfolk.  Code  INI. 
Portsmouth.  VA;  Norlolk.  Code  411.  Portsmouth.  VA;  Norlolk.  Code  440.  Portsmouth.  VA;  Norlolk. 

Code  450-HD.  Portsmouth.  VA,  Norfolk.  Code  455-IID,  Portsmouth.  VA;  PWO  (Code  400).  long  Beaeh. 

CA.  PWO.  Bremerton.  WA;  PWO.  Charleston.  SC;  SCF  (Code  508.2).  Pearl  Harbor.  Ill 
N  A  VST  A  CO.  Brooklyn.  NY;  CO.  Long  Beach.  CA;  CO.  Roosevelt  Roads.  PR;  Code  0DA2,  San  Diego.  CA. 
Code  421b.  Mayport,  FL;  Code  425.  LPBO  Guantanamo  Bax;  Code  425.  Norlolk.  VA;  (ode  N42I4. 

Mayport.  FL;  Dir.  Lngr  Do.  PWD.  Cmantanamo  Bay.  C  uba;  I  ngtg  Dir.  PWD.  Rota.  Spam.  PWO. 

Mayport.  FL;  SCL.  San  Diego.  CA;  SCL  .  Subic  Bav.  RP;  I  reastire  Is.  See  (lift.  San  Francisco.  CA.  Ctu 
Fngrg  Offr.  Rota.  Spain;  W'C  *15.  (ieanlanamo  Bay.  Cuba 
NAVSITPACT  CO.  Naples.  Italy;  PWO  Naples.  Italy 
NAVSCPPFAC  Contract  Admin  Lech  Library.  Diego  (iareia 

NAVSWC  Code  1211  (Miller).  Dahlgren  VA;  Code  (i-54.  Dahlgren,  VA.  Code  W42  (CII)  Hagai.  Dahlgren. 

VA.  DL  L.  White  Oak  Lab.  PWO.  Silver  Spring.  MD.  PWO.  Dahlgren.  VA 
NAVU  CHIK.V  I  N  SC  L.  Pensacola  11 
NAVCSI  AWARFNCiSl  A  Code  075.  Keyport.  WA 
N AVWARCOI  Code  24.  Newport.  R1 

NAVWPNCLN  AROIC  C.  China  Lake.  CA;  Code  24.  (lima  lake.  CA;  Code  2654.  China  lake.  C  A.  Code 
2b57.  C  hina  Lake.  CA.  PWO  (Code  2bb).  China  l  ake  CA 
NAVWPNSTA  Code  002.  Concord  CA;  Code  002.  Seal  Beaeh.  CA.  Code  C  1*12 A.  Seal  Beaeh.  C  A.  (  ode  (I'M. 
Yorktown,  VA.  Dir.  Maml  Control.  PWD.  Concord.  CA.  Farle.  Code  002.  Colts  Neck,  VI;  1  ailc.  Code 
0*122.  Colts  Neck.  N.I.  Farle.  PWO  (Code  t)*>M  I.  Colts  Neck.  N.l.  PWO.  Charleston.  SC.  PWO.  Seal  Beaeh. 
CA.  PWO.  Yorktown.  VA 

NAVW  PNSCPPC  I  N  C  ode  0051.  Crane.  IN.  PWO  Crane.  IN 


NETC'  Code  42,  Newport.  RI;  Code  46,  Newport,  Rl;  I’WO,  Newport.  R1 
NCR  2(1.  CO;  20.  Code  R70 

NEESA  Code  111E  (McClaine).  Pori  Hueneme.  CA;  Code  113M.  Port  Hueneme.  (  A.  Code  113M2.  Port 
Huenente.  CA 

NETPMSA  Tech  Library.  Pensacola.  FI. 

NMCB  3.  Ops  Offr;  40.  CO;  5.  Ops  Dept;  (>2.  Engrg  Offr 
NOAA  Dir.  Pac  Marine  Cen.  Seattle.  WA .  l  ibrary.  Rockville.  MD 
NORDA  Code  410,  Bay  St.  Louis.  MS 

NRL  Code  2511.  Washington.  DC;  Code  2530.1.  Washington.  DC.  Code  4070  (B.  Faraday).  Washington.  DC. 
Code  0123  (Dr  Brady).  Washington.  DC 

NSC  Cheatham  Annex.  PWO.  Williamsburg.  VA;  Code  02.  Pearl  Harbor.  HI.  Code  43.  Oakland.  CA;  Code 
44.  Oakland.  CA;  Code  54.1.  Norfolk.  VA;  Code  700.  Norfolk.  VA.  SVC.  Charleston.  St.  ;  SCE.  Norfolk. 
VA 

NSD  SC  E.  Subic  Bay.  RP 

NL'SC  DEI  Code  44  (RS  Munn).  New  London.  CL;  Code  5202  (S  Schady).  New  London.  Cl 
OC'NR  Code  11  USE.  Arlington.  VA;  Code  1234.  Arlington.  VA 

OFFICE  OF  SECRETARY  OF  DEFENSE  OASD  (P&L).  M  Carr.  Washington.  DC.  OASD.  (PA!  )E  (Wnt  H 
Parker),  Washington.  DC;  ODDR&E.  Environ  &  Life  Sei.  Washington.  DC 
PACMISRANFAC  HI  Area.  PWO.  Kekaha.  HI 

PHIBCB  1,  CO.  San  Diego.  CA;  1.  PAE,  San  Diego.  CA;  2,  CO.  Norfolk.  VA 

PWC  ACE  (Code  110).  Great  Lakes.  1L;  ACE  Olfiee.  Norfolk.  VA;  Code  10.  Great  Lakes.  IL;  Code  10. 
Oakland.  CA;  Code  400.  Guam.  Mariana  Islands.  Code  101  (Library)  Oakland.  CA;  Code  101.  Great 
Lakes,  IL;  Code  Kill.  Pearl  Harbor.  HI;  Code  1013.  Oakland.  CA;  Code  102.  Oakland.  C'A;  Code  110. 
Oakland.  CA;  Code  I23-C.  San  Diego.  C'A;  Code  30.  Norfolk.  VA;  Code  30V.  Norfolk.  VA;  Code  400. 
Great  Lakes,  IL;  Code  400.  Oakland.  CA;  Code  400.  Pearl  Harbor.  HI;  Code  400.  San  Diego.  C'A.  Code 
412.  San  Diego,  CA;  Code  420.  Great  Lakes.  IL:  Code  420.  Oakland.  CA;  Code  420B  (Wald).  Subie  Bav. 
RP.  Code  421  (Reynolds).  San  Diego.  CA;  Code  422.  San  Diego.  CA;  Code  423.  San  Diego.  CA;  Code 
423  KJF.  Norfolk.  VA;  Code  424.  Norfolk.  VA 
PWC  Code  430  (Kyi).  Pearl  Harbor.  HI 

PWC  Code  500.  Great  Lakes,  IL;  Code  500.  Norfolk,  VA:  Code  500.  Oakland.  CA;  Code  505A,  Oakland,  C'A: 
Code  500.  San  Diego.  CA;  Code  600.  Great  Lakes.  IL.  Code  610.  San  Diego.  C'A;  Code  612.  Pearl  Harbor. 
HI;  Code  614.  San  Diego.  CA:  Code  615.  Guam.  Mariana  Islands;  Code  616.  Subie  Bay.  RP;  Code  700.  San 
Diego.  CA.  Library  (Code  134).  Pearl  Harbor.  HI:  Library.  Guam.  Mariana  Islands:  1  ihrary.  Norfolk.  VA. 
Library  Pensacola,  FL;  Library.  Yokosuka.  Japan:  tech  Library.  Subie  Bay.  RP:  Util  Dept  (R  Pascua). 

Pearl  Harbor.  HI 

SPCC  PWO  (Code  0KX).  Meehanicsburg.  PA 

SC  BASF.  Bangor.  PWO  (Code  8323).  Bremerton.  WA;  SCE.  Pearl  Harbor.  HI 

SUPSHIP  Tech  Library.  Newport  News.  VA 

CCT  ONE.  CO.  Norfolk.  VA:  TWO.  CO.  Port  Hueneme.  C'A 

US  DEPT  OF  INTERIOR  BLM.  Engrg  Div  (730).  Washington.  DC 

CSAF  RGNHOSP  SGPB.  Fairchild  AFB,  WA:  SGPM.  Fairchild  AFB.  WA 

USAhE  DE-HFO.  Ramstein  AB,  GE 

CSCINCPAC  Code  J44.  C  amp  HM  Smith.  HI 

CSDA  For  Svc.  Equip  Dev  Cen.  San  Dimas.  CA:  For  Sve,  Tech  Engrs.  W'ashmgton.  DC 
CSNA  Ch.  Meeh  Engrg  Dep*.  Annapolis,  MD;  Meeh  Engr  Dept  (C  Wu).  Annapolis.  MD.  Mech  Engrg  Dept 
(Power).  Annapolis.  MD;  PWO.  Annapolis.  MD;  Sys  Engrg  (Tuttle).  Annapolis.  MD 
CSS  CSS  FULTON.  Code  W-3 

ARIZONA  STATE  UNIVERSITY  Energy  Prog  Offc.  Phoenix.  AZ 
BROOKHAVEN  NAIL  LAB  M  Steinberg.  Upton.  NY 
CALIF  MARITIME  ACADEMY  l  ibrary.  Vallejo.  CA 

CALIFORNIA  INSTITUTE  OF  TECHNOLOGY  Environ  Engrg  Lib.  Pasadena.  CA 

CITY  OF  AUSTIN  Gen  Svcs  Dept  (Arnold).  Austin.  TX 

CONNECTION T  Policy  &  Mgmt.  Energy  Div.  Hartford.  CT 

FLORIDA  INST  OF  TECH  CE  Dept  (Kalajimt,  Melbourne.  FL 

FRANKLIN  RSC  H  CEN  Library.  Norristown.  PA 

LAWRENCE  LIVERMORE.  NAIL  LAB  F J  lokar/.  Livermore.  CA:  Plant  Engrg  Lib  (1,-654).  Livermore.  CA 
LONG  BEACH  PORT  Engrg  Dir  (Allen).  Long  Beach.  CA 
MAiNia  Lj.v.iv  Vscs  Ofe.  Augusta.  ME 

MICHIGAN  TECH  UNIVERSITY  CE  Dent  (Haas).  Houghton.  Ml 
MISSOURI  Nat  Res  Dept.  Energy  Div,  Jefferson  Ciiv.  MO 
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UNIVERSITY  OF  NEW  HAMPSHIRE  Elec  Engrg  Dept  (Murdoch).  Durham.  Nil 
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DISTRIBUTION  QUESTIONNAIRE 

The  Naval  Civil  Engineering  Laboratory  Is  revising  its  Primary  distribution  lists 


SUBJECT  CATEGORIES 

1  SHORE  FACILITIES 

2  Construction  methods  and  materials  (Including  corrosion 

control,  coatings) 

3  Waterfront  structures  (maintenance/deterioratior.  control) 

4  Utilities  (Including  power  conditioning) 

5  Explosives  safety 

6  Aviation  Engineering  Test  Facilities 

7  Fire  prevention  and  control 

8  Antenna  technology 

9  Structural  analysis  and  design  (including  numerical  and 

computer  techniques) 

10  Protective  construction  (including  hardened  shelters. 

shock  and  vibration  studies) 

1 1  Soil/rock  mechanics 

14  Airfields  and  pavements 

15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

16  Base  facilities  (including  shelters,  power  generation,  water 

supplies) 

17  Expedient  roads/alrfields/brldges 

18  Amphibious  operations  (including  breakwaters,  wave  forces) 

19  Over-the-Beach  operations  (including  containerization. 

material  transfer,  lighterage  and  cranes) 

20  POL  storage,  transfer  and  distribution 


TYPES  OF  DOCUMENTS 

85  Techdata  Sheets  86  Technical  Reports  and  Technical  Notes 
83  Table  of  Contents  K  Index  to  TDS 


28  ENERGY/POWER  GENERATION 

29  Thermal  conservation  (thermal  engineering  of  buildings.  HVAC 

systems,  energy  loss  measurement,  power  generation) 

30  Controls  and  electrical  conservation  (electrical  systems. 

energy  monitoring  and  control  systems) 

31  Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy 

from  solid  waste) 

32  Alternate  energy  source  (geothermal  power,  photovoltaic 

power  systems,  solar  systems,  wind  systems,  energy  storage 
systems) 

33  Site  data  and  systems  integration  (energy  resource  data 

energy  consumption  data,  integrating  energy  systems) 

34  ENVIRONMENTAL  PROTECTION 

35  Hazardous  waste  minimization 

36  Restoration  of  installations  (hazardous  waste) 

37  Waste  water  management  and  sanitary  engineering 

38  Oil  pollution  removal  and  recovery 

39  Air  pollution 

44  OCEAN  ENGINEERING 

45  Seafloor  soils  and  foundations 

46  Seafloor  construction  systems  and  operations  (including 

diver  and  manipulator  tools) 

47  Undersea  structures  and  materials 

48  Anchors  and  moorings 

4S  Undersea  power  systems,  electromechanical  cables, 
and  connectors 

50  Pressure  vessel  facilities 

51  Physical  environment  (including  site  surveying) 

52  Ocean-based  concrete  structures 
54  Undersea  cable  dynamics 

82  NCEL  Guides  &  Abstracts  |~j  None- 
91  Physical  Security  remove  my  name 


INSTRUCTIONS 

The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of  the 
label  on  the  reverse  side  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to 
the  list  of  Subject  Categories.  Numbers  on  the  label  corresponding  to  those  on  the  list  indicate  the 
subject  category  and  type  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card 
away  (or  file  it  for  later  reference). 

If  you  want  to  change  what  you  are  presently  receiving: 

•  Delete  -  mark  off  number  on  bottom  of  label. 

•  Ago  -  circie  number  on  list. 

•  Remove  my  name  from  all  your  lists  -  check  box  on  list. 

•  Change  my  address  -  line  out  incorrect  line  and  write  in  correction  (DO  NOT  REMOVE  LABEL). 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories  you  select. 

Fold  on  line  below  and  drop  in  the  mail. 

Note.  Numbers  on  label  but  not  listed  on  questionnaire  are  for  NCEL  use  only,  please  Ignore  them. 
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